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INDUSTRIAL AUTOMOBILES.* 
By A. Freperick CoLLiNs. 


To the most casual interpreter of the signs of the 
times, it must that the automobile is 
destined to eliminate the horse as a motive power for 
traffic, even as the trolley detached him from the 
further odium of street-car duty; while a more critical 
examination shows its extended use for interurban ser- 
where, in actually competes with 
the railroads as a common carrier of freight. 

At the rate with which both passenger and 
industrial 
power, it 


be apparent 


city 


vice some cases, it 
present 
motor vehicles are taking the place of ani- 
mathematically deduced that 
horse-drawn carriage or 


been 
Tor 


mal has 


in less than a decade every 


truck seen on the streets of New York city, there will 
be in evidence nine automobiles. While the attention 
of the general public has been chiefly directed to the 


merits of the smooth-riding runabout, the efficient 
working of the tourist car, and the high-speed devel- 
oped by the racing machine, it is only occasionally that 
cognizance is taken of the true value of the heavy, 
slow-moving motor truck: vet when the flving machine 


shall 


have superseded the pleasures of the former for 


pleasure purposes, the latter will have become a fixed 
fuctor in the general scheme of transportation 

There are three kinds of motive power used in 
freight motor vehicles, just as there are in passenger 
automobiles, i. e., electric hydrocarbon, and steam; 
but the strenuous conditions imposed upon those em- 
ployed in the trucking service are quite different from 
those designed for pleasure, and thus, where the power 
i the former is largely confined to gasoline, the most 
necessful of the latter type are driven by steam, The 
storage battery possesses certain inherent weaknesses 
vhich militate against its popularity, though many 
of the rucks having the greatest carrying capacity, 
and intended for urban use only, are operated by this 
ource of power! 

The advantage a steam truck possesses over one hav- 
ing an internal-combustion engine is quickly resolved 
down to the fact that the steam engine gives its great- 
est or its least amount of power according to the 
amount of steam admitted to the cylinder, while the 
gasoline motor must resort to transmission gears in 
crder to accomplish the best results On the other 
hand, the latter has not nearly the amount of dead 
weight to propel, and it is therefore more economical 
in the performance of its duties, while the effect of 
decreasing its weight enable its load to be increased 

rhe general uses to which motor trucks have been 
ound especially applicable are almost infinite They 
ire used by brewers, builders, paper makers, coal, 
water, and oil companies, farmers, et and it is for 
these classes of work that the steam wagon shows itself 
to the best advantage. These diversified uses have led 
to some curious combinations, that at first sight seem 
highly dangerous, as for instance where a great tank 
filled with oil is placed on a truck immediately behind 

high-pressure steam boiler, and again, where a motor 
truck is covered with a load of hay. 

The well-known English firm of Thornycroft builds 
two sizes of steam trucks for four and five tons re 
spectively The four-ton vehicles are constructed with 
different kinds of open and ciosed carrying bodies, to 
meet the varied requirements; and for loads not ex- 
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inches in diameter by 5 inches stroke. It has a con- 
stant lead, radial valve gear of special design whereby 
any degree of linking up can be obtained. The whole 
is inclosed in a dust-proof and oil-tight casing which, 
being partially filled with oil, provides most efficient 
lubrication by the “splash” method. At normal speed 
the engine gives about 30 brake horse-power. The 
transmission is a patent system of chainless gearing, 
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any part of the mechanism. The framework of 
machine is of section steel suitably tied and braced. 
A steam wagon of four tons thus built will, with q 
loaded trailer on ordinary hard macadam roads, aver. 
age from 35 to 40 miles per day; but where the trips 
are short and the time is consumed in loading and un. 
loading, the maximum distance will be considerab!y re. 
duced. The capacity of the bunker where coal is used 


the 

















A 20-HORSE-POWER, FOUR-CYLINDER, GASOLINE TANK WAGON FOR DELIVERING KEROSENE OIL TO 
THE CONSUMER. 


Note the 
which permits a free motion of 7 inches between the 
wagon frame and the driving axle without in the least 
disturbing the steady continuity of the running effort, 
and without any possibility of jump in‘the gearing. 
The first-motion gear wheels are of steel with machine- 
cut teeth, while the drive is transmitted to the differ- 
ential gear through steel gear wheels with double heli- 

thus giving greatly increased strength just 
is most needed, as well as a greater quietness 


cal teeth, 
where it 
in running 

The form of boiler employed is the central-fired, 
water-tube pattern using coke or as fuel. More 


steam space is allowed than formerly, to prevent prim- 


of 
coal 


ing. and the side clinkering door has been gotten rid 
of by the intreduction of a vertically movable grate. 
The boiler comprises essentially two annular cham- 


bers connected by a series of 168 straight steel tubes 7% 
inch external diameter The covers of both chambers 
are of steel, and are secured by bolts in the case of the 
the The heating 
is 77 square feet, the grate area 


studs in bottom vessel 


this boiler 


top and by 


surface in 


2.4 square feet, and the total weight 13% hundred- 
weight The boilers are built for a working pressure 
of 200 pounds, and are tested up to 350 pounds per 

















MUNICIPAL STEAM AUTOMOBILE DUMPING 
ENGLISH 


are simple, reliable, and ero- 
features of the motive mechan- 
the 


ceeding four tons they 
nomical. The general 
ism of this truck are 
showing the under side of the chassis 

in this wagon the engine is of the 
pound reversing type, with cylinders 4 


clearly to be seen in view 
horizontal 


inches 


com 
and 7 
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square inch. The wheels are of the artillery type, witn 
metal naves, oak spokes, felloes, and steel tires. The 
latter are hydraulically pressed on, thus avoiding the 
charring of the felloes; where desired, an all-metal 
wheel is fitted instead. By means of a spring drive ar- 
rangement, the spokes of the wheels are relieved of 
all driving strain, and its disposition at the richt 
place absorbs the shocks before they are transmitted to 


drive by a Single chain to the live rear axle—a feature of all the lighter Thornycroft vehicles, 


or tank, when the firebox is fitted to burn crude oil. is 
great enough so that a run of 40 or 50 miles may be 


made without stopping; and when suitable fuel is 
used, no steam or smoke is visible when runnin: 


The figures of the builders show that a steam wavon 
of four tons capacity can make one round trip per ‘ay 
on five days each week, returning with, say, two tons 
of empties; that is, four tons are carried 18 miles out 
and two tons 18 miles returning, or an equivalent of 
six tons carried 18 miles. 

These trips are made at a speed of about 614 miles 
per hour, while the speed of a draft horse is only from 
1 to 2.2 miles per hour, according to the load. In a 
year, assuming that two weeks are given annually for 
overhauling the truck, the figures above given will 
amount to 27,000 net ton-miles, and the cost of carrying 
one ton one mile, therefore, will be in the English 
system of currency 2.66 pence ($0.053). 

In some cases where a full load can be hauled in both 
directions, the expense may be than two pence; 
but on the assumption of the above conditions, which 
are based on actual experience and may be taken as 
practically correct, those who use horses or other “ni 
mal power may readily compute the saving or other- 
wise of the steam truck. On the streets of London snd 
New York there are frequently seen ordinary industrial 
trucks drawn by three teams of horses: and when is 
stated that a four-ton steam wagon will replace a three 
pair horse wagon, a rough-and-ready comparison be 
tween horse-drawn and steam-operated trucks may be 
made. 


less 


There are several other factors besides the saving 
in the actual expenses of operating an automobile 
truck which must be borne in mind, and these are 
equally as valid in the case of electricity and hydro 


carbon as of steam; thus, a motor truck may work (ay 
and night continuously without a rest, and when there 
is no work to do, the auto, unlike the horse, is not de 
manding hay and oats three times a day. It must not 
be supposed, however, that si.ce an automobile requires 
no feeding or bed to lie upon, attention is 
necessary. Far from it: for it is a machine not unlike 
an immature locomotive, and when possible it should 
only be worked five days of the week. On the sixth ‘he 
beiler should be cleaned out and the mechanism of ‘he 
running parts looked after, while on the seventh ‘ay 
both driver and wagon may rest. 

The five-ton wagons are in general design and con- 
structioi similar to the four-tonners, but there “re 
some improvements introduced in the way of increas 
ing the strength of the various parts. These heavy 
steam wagons, besides carrying their full quota of ton 


also un- 


rage, are capable of hauling a trailer freighted with 
an additional two anda half tons. The engines in t! ese 
wagons develop over 45 horse-power, and this is sp 
plied by steam from a bciler of the locomotive fire-' be 
type, but of such design that it may be-fired through 
the crown. 

For the lighter class of transportation, such as «ity 


and suburban delivery service, the internal-combus'io2 
type of motor has the advantage over the steam trick, 
in that it does not have to carry so much dead weight, 
and therefore it may be made much lighter without 
sacrificing efficiency and economy. A gasoline lorry 
that will carry two tons is capable of drawing a ‘ull 
load up a ten per cent grade on ordinary roads; it has 
a normal speed on good level roads of ten miles per 
hour. 

The engine employed in this type of vehicle operates 
on the Otto cycle, and has four cylinders, each 4 inches 
in diameter and 4% inches stroke, developing at normal 
speed 20 horse-power. The gearing provides speed 
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yariations of from two and a half to ten miles per hour; 
and since any kind of carrying body can be fitted to the 
running gears, they are adapted to a large variety of 
put poses. 

The usual types of motor wagons are in the majority 
of cases the most convenient for the transportation of 
merchandise, but there are special cases where the mo- 
tor tractor, as it is termed, is advocated. Unlike the 
motor wagon, where both motor and load are contained 
on « single truck, except where a trailer is also used, 
the motor tractor is really a portable gasoline trac- 
tion engine, which may be used to draw a load of six 
ious or more up a 12% per cent grade on ordinary 
row and with “spuds” fitted to the driving wheels 
the ‘ractor will extricate itself from soft ground with- 
out lifficulty. 

Three normal speeds are provided for by suitable 
ng, giving 1%, 4, and 8 miles per hour, Either 
line or ordinary kerosene may be used, and the 
fue apacity is sufficient for covering sixty miles; or 
whe longer distances are to be traversed, an addi- 
tio tank in the rear may be added, providing fuel 
for 1other fifty miles. A third tank carries enough 


wat. for thirty miles. To the tractor which gives 25 
brat horse-power at normal speed is coupled the 
waco earrying the load. The chief advantage of hav- 
ing motor independent and detachable from the load 
is t it may be further utilized as a portable engine 
to ve other machinery. 

Ir ngland and on the Continent the use of passen- 
gel d freight motor vehicles as feeders for railway 
line is being experimented with, the results thus far 
poin ng strongly to their adoption and greater exten- 
sio! The automobile freight line is already an estab- 
lis] fact, and in countries where railroad facilities 
are t as good as in our own, many automobile trans- 
po on companies are being formed Especially is 
thi ue in South America. 

\ ecent line inaugurated between Lima and Callao 
ha the present time five auto-trucks, each of which 
has freight-carrying capacity of five tons. The ad- 


var e this system offers over the two existing rail- 
ines with which they were to compete is that they 


roar 

cal the cargo from the Callao docks directly to the 
con nee’s warehouse, factory, or store in the city of 
Lin a convenience that is greatly appreciated. In 
Fra -e, where the automobile enthusiast thrives, there 
is so ve talk of the “heavy-weights,” as they designate 
indu- rial motor trucks, competing with the railroad 
wh time is not an essential element, and it has been 
she that after all speed is the really expensive factor 
in roading. 


SUGGESTIONS FOR STEAM ECONOMY.* 
By WitiiaAmM McKay. 

\) "ost every engineer and electrician is familiar 
wit! the fact that the majority of steam-power plants 
operating under the most economical condi- 
tion In some cases this is due to the plant having 


ure ot 


heen built up piecemeal as the requirements developed 
and other cases it has been found difficult to deter- 
mine the amount of power that would actually be re- 


qui until after the plant was completed. If the con- 
sul . engineer could be informed, or could determine 
in advance the exact requirements for the present and 
futu it would be comparatively a simple matter to 
design the plant with fair accuracy as to the size and 
er of units, types of engines, boilers, and other 


\l\hough it is difficult to give any general informa- 
m this subject which will be of use or interest in 
the eat variety of particular cases in which the mem- 
bers of this association are interested, it may be of 
interest, and possibly of assistance to those who 


tion 


are iianaging or operating power plants, to discuss 
some of the principles upon which economy in the use 


of sieam depends. 

Bezinning with the boiler, which is the first step in 
the production of power from fuel, it may be laid down 
isa cood rule that it is more economical to use boilers 
of reasonably large size than to subdivide into a larger 
r of small units. The length and area of grate that 

conveniently fired or kept evenly covered with 
C0a . perhaps, the limiting feature, if hand-firing is to 


Can i 


he d. Working from this rule, a grate should not be 
over seven feet long or more than five feet wide, which 
wo give thirty-five square feet of grate surface. 
The quantity of coal that may be burned on such a 
frate varies widely with the kind of fuel and strength 
of draft. Using bituminous slack coal of fair quality, 
with good natural draft or moderate-induced draft, it 
shovil be possible to burn twenty-five pounds of coal 


per square foot of grate per hour, or 875 pounds of 
Coa!’ per hour, and if this coal will evaporate say eight 


hounds of water per pound of coal, the boiler, if con- 
Structed with heating surface in proper proportion, 
Wouid evaporate 7,000 pounds of water per hour, which 
wo be equal to a little over 200 standard boiler- 
horse-power. In order to give good economy, the boiler 
Should have from 2,000 to 2,400 square feet of heating 
Surface to evaporate this quantity of steam econom- 
ical The return tubular boiler, on account of the 
‘mount of tube surface in proportion to the direct sur- 
face exposed to the fire, should have not less than 
'Welve square feet per horse-power; the water-tube 
‘ype from ten to eleven, and the internally fired type, 
Which has a larger amount of direct heating surface in 


the firnace and tubes than either of the others, should 


have nine to ten. If the grate surface is larger than 
that deseribed, probably the grate will not be evenly 

s iper read at the convention of the Canadian Electrical Association, 
Montreal, Canada, 
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covered with coal, or the fire will be dead in spots, so 
that too much cold air will pass through. 

The economy in burning fuel is a matter requiring 
great skill and experience, and depends entirely u_ %n 
the evenness, thickness, and condition of the fire, which 
controls entirely the air supply and, therefore, the per- 
fection or imperfection of the combustion, and I would 
say just here that there is very little use in “splitting 
hairs” over a quarter of a pound of steam consumption 
of the engine, while the fireman may be losing ten 
times the quantity of fuel from inefficient boilers or 
poor firing. 

I fear it is too often the case that the demands for 
increased horse-power are met by grate surface too 
large in proportion to the heating surface of the boiler 
or forced draft, and too little attention is given to care- 
ful firing, with heating and grate surfaces in proper 
proportion to give best economy, and frequently a great 
deal of money is spent in obtaining high-class engines 
and ‘condensers, whereas the principal loss is in the 
boiler and fire room. 

The question is often asked whether in case of in- 
stalling a certain horse-power of boilers, say 300 horse- 
power, it would be more economical to have three boil- 
ers of 100 horse-power each or two boilers of 150 horse- 
power each. I would say by all means have the two 
larger units, as it will always be found that the larger 
boilers have less radiation, less air leakage and better 
combustion than a corresponding horse-power in small 
units. If it is necessary to have a spare unit for 
cleaning, let there be another one provided of the same 
size. 

In regard to the pressure to be carried. It 
known that a high pressure gives a greater amount of 
expansion and better economy in proportion to the fuel 
burned. Even with simple engines in which it is not 
possible to obtain the full advantage of expansion, the 
high pressure of steam, which is drier and contains a 
larger number of heat units in proportion to the vol- 
ume, gives the best results. I think every boiler should 
be designed for not less than 150 pounds pressure per 


is well 


square inch. Even if it is not possible to utilize the 
full pressure, the boiler will be stronger, last longer, 
and a better investment in the long run. In this re- 


spect, the water-tube or some form of internally fired 
boiler in which the shell plates are not exposed to the 
high temperature of the furnace are certainly safer 
than the horizontal return tubular boiler, because for 
large units intended to carry high pressure, the shell 
plates and seams must be of considerable thickness, 
and being directly exposed to the hottest part of the 
fire, are almost sure to give trouble, especially if there 
be any scale or sediment in the water which is liable 
to settle on the bottom directly over the fire. 

As to the economy of various types of boilers, experi- 
ence shows that any of the standard types, horizontal 
return tubular, water-tube, or internally fired, if they 
are designed with proper proportions of heating and 
grate surface, give about the same evaporation per 
pound of coal, provided they are in good conditidn and 
clean both on the fire and water surfaces. While the 
externally fired boilers, either of the return tubular or 
water-tube type, are said to have some advantage in 


combustion, on account of the heat of the brick fur- 
nace, they are subject to losses which are more seri- 
ous, in the way of air leakage and radiation. Tests 


made at the Ohio State University, by Prof. Hitchcock, 
show that the brick-setting of boilers continues to ab- 
sorb heat up to seventy-two hours after being started, 
and that the average waste of heat in brick furnaces 
is about 8! per cent. As the members of this associ- 
ation well know, the repairs and cost of keeping up 
brick furnaces are considerable, and as a result of dete 
rioration there is more or less air leakage through the 
brickwork going on constantly. In this the 
internally fired boiler has a great advantage over re- 
turn tubular or water-tube boilers with brick furnaces, 
as it will be just as efficient after continued 
when first started. 

In any type of boiler it is of great importance to 
keep the tubes and other surfaces free of soot and 
scale. Otherwise, a large may be sustained. I 
think it is a mistake to depend entirely on the steam 
blower or tube cleaner, which only removes the loose 
soot, a scraper being necessary for occasional use to 
free the hard scale, which will in time accumulate on 
the fire surfaces. It is necessary to point out that 
scale, or worse still, oil on the inside of a boiler may 
be a source of great loss, experience having proved that 
even a thin film of oil will so prevent the transfer of 
heat that the plates or tubes will be burned in a very 
short time. Nothing but pure water should be used 
for making steam, and the practice of making the 
boiler do duty as a water purifier as well as a steam 
generator cannot be too strongly condemned. If the 
owners of steam plants could be made to realize that 
a very small deposit of soot on the outside and scale 
on the inside means a loss of from 10 to 20 per cent 
of the total fuel consumption, costing, perhaps, thou- 
sands of dollars per year, they would be convinced 
that it would be much cheaper to spend money in puri- 
fying apparatus, so that the scale or sediment will be 
removed before the water is fed to the boiler. 

The next step to be considered is the heating of the 
feed water. This may be accomplished in two or three 
ways: First, by means of the exhaust steam, which, com- 
ing from a non-condensing engine, is capable of heat- 
ing the feed water to 212 deg.:and of saving say 12 to 
15 per cent as compared with feeding cold water. For 
large plants where it would pay to use induced draft 
io make up for the loss in temperature of the chimney 
gases, which produce the draft, it will undoubtedly pay 
to use an economizer, but as this apparatus is expen 


respect, 


use as 


loss 


94895 


sive both in first cost and up-keep, the amount saved 
in utilizing the waste gases from a small plant would 
probably not offset the outlay. The closed type of feed 
water heater is about as efficient as the open type, pro- 
vided the water is pure and it avoids trouble from 
pumping hot water, but the open type is frequently 
made use of to assist in purifying the water and, if 
properly managed, may give good service in that re- 
spect. For condensing engines, a primary heater of 
the closed type may be installed between the 
and condenser, which will help to condense the steam 
and heat the feed water to a low temperature, say 
130 to 140 deg. F. A secondary heater, either of the 
closed or open type, may be used to heat the feed water 
to a still higher temperature, say 212 deg., by the use 
of the exhaust from the feed and air pumps, which can- 
not be used more profitably than in this way, as all the 
heat is returned to the boiler. 

In regard to the type of engine used for the plants: 
if the size of the plant is sufficient, and the work com 
paratively steady. the highest possible results may be 
obtained from compound condensing engines using the 
highest possible pressure of steam, but under other 
ecnditions, such as variable load, low pressure of 
steam, it may be quite possible that the simple engine 
will give better results and cost less for repairs. With 
low steam pressure, non-condensing, there is certainly 
nothing better or more economical than a single-cylin- 
der Corliss engine where it can be installed to advan 
tage. In the case of direct-driven electric units of small 
size, it is necessary to use high or medium speed engines 
both on account of the loss in friction that would come 
in if countershaft and belting have to be used and be 


engine 


cause the higher speed machines will give the best 
regulation. For small units up to say 75 or even 100 
horse-power, there is nothing better than the modern 
high-speed automatic engine, provided it is of good 
design, not overloaded and not overspeeded A well 
designed engine with 12-inch evylinder and 12-inch 
stroke, which is usually run at 275 to 300 revolutions 


per minute, and made to develop from 75 to 80 horse- 
power, if arranged to run at say 225 to 250 revolutions 
per minute and to carry will be 
as serviceable and give as good results as any type of 
engine of the same horse-power under ordinary condi 
tions non-condensing, and if the work is variable, re 
quiring quick, close regulation, such as driving electric 
where the load is irregular, say for supply- 
lights and electric elevators, the 


50 or 60 horse-powe1 


generators, 
ing current 
short-stroke, single-valve type of engine has great ad- 
vantages. 

As illustrating the small wear of high-speed engines 
under favorable conditions, a Robb-Armstrong engine 
of 12-inch stroke, which has been running at 275 revo 
lutions per minute for electric lighting for twelve or 
fourteen only about two-thousandths of 
an inch wear of the journals, and six-thousandths of 
an inch wear in the shaft bearings 

Unfortunately, this class of engine is so frequently 
overloaded and overspeeded that it gives poor results 
and bad name, whereas the Corliss slow-speed 
type of engine is limited both in the matte 
and horse-power, because the cut-off of the single eccen 
tric type will not go much beyond half stroke, and in 
that way the engine is from overloading and 
abuse, and this is, perhaps, one of its many advantages 
A compound engine is not low 
irregular loads and the extra cylinder and complication 
of parts is a objection under conditions 
When a condenser is used, even with low 
somewhat irregular loads, it may be employed to ad 
vantage; and with high pressure, say from 125 to 150 
pounds or over, the non-condensing compound will give 
the best irregular and 
running to light loads a large part of the time 

The question is sometimes asked whether it pays to 
reduce pressure when the load is light. From my ex- 
perience, 1 do not believe it pays to reduce pressure 
on the boiler, excepting in very extreme cases, but if 
it can be done by throttling before the steam reaches 
the cylinder of the engine, it would be an advantage, 
because this retains the heat units due to the higher 
pressure in the steam and the throttling has a slight 
superheating effect. As a matter of fact, tests made by 
Willans & Robinson, of England, go to show that for 
light loads and high pressure, a throttling engine may 
do even better than automatic cut-off. The ideal ar 
rangement is to throttle the steam for light loads up 
to say near quarter cut-off, and after that, for heavier 
loads, allow the variable cut-off to come into play. 
This practice has been carried inte effect, by the de 
sign of Mr. E. J. Armstrong, in which he arranges the 
shaft governor so that there is negative lead up to 
nearly one-quarter cut-off, after which the lead be- 
comes positive, and this has the effect of throttling the 
steam for the earlier loads and undoubtedly gives bet- 
ter economy, in addition to making the engine run 
more quietly. 

Another source of considerable loss in the operation 
of steam plants, particularly large ones, is the insuf 
ficient size of piping, causing the pressure to be re- 
duced between the boiler and engine, and imperfect 
drainage, which is an enemy both to economy and the 
life of the engine. In many of the newer plants, it has 
been found a great advantage to install large receivers 
to equalize the pressure and to collect the water before 
it reaches the engine. 

In general, it may be said that the principal cause 
for loss in steam plants is the use of engines which are 
overloaded or unsuited to the conditions of work, un- 
undersized or badly arranged steam and exhaust pipes, 
and the imperfect condition and poor operation of the 
beilers. In many plants, exhaust steam, which might 
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results, unless the load is very 
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be utilized for heating, is wasted, and in others, where 
the exhaust steam is utilized for heating, power is 
wasted by excessive back pressure. The most eco- 
nomical use that exhaust steam can be put to is for 
heating, because all the heat units are made use of, 
but it should be done without back pressure on the 
engine, by means of a vacuum system to draw the 
steam and water through the heating pipes, otherwise 
there will be a loss both of fuel and power, due to the 
engine working under imperfect conditions... 

A LIGHTHOUSE OF REINFORCED CONCRETE 

Tue Russian government has recently constructed a 
lighthouse for the illumination of the entrance to the 


canal that connects the port of Nicolaief with the 
Black Sea. This lighthouse, of which the total height 
above ground is 132 feet, fs especially interesting be- 


cause it is the only important ‘one, we believe, that has, 
up to the present, been constructed of reinforced con 
crete 

As shown in the accompanying figures, it 
of a hollow tower of parabolic form. This, at the base, 
is surrounded with a wall of concrete 19.6 feet in 
diameter and 8 in height, resting upon a caisson of 
reinforced concrete sunk in the ground to a depth of 
8.2 feet At its upper part there is a chamber 14 feet 
in diameter and 9.8 in height that serves as a storage 
room and as a look-out for the keepers of the light- 
house. This is supported externally by brackets of 
reinforced concrete. Above the chamber is the lantern 
8.5 feet in diameter and 9.5 in height surmounted by a 


consists 


cupola. In this lantern is placed the optical apparatus 
that serves for the lighting. The base of the lantern 


a gallery and parapet 

of reinforced concrete and 
the level of 
the upper 


is surrounded by 

The walls of the tower are 
inches at 
feet, and 4 at 


thickness, 
height of 39 


of very slight say 8 


the base, 6 at a 
part 

The 
reinforced 
those of the lantern are 5 inches, 
the protected wall of the tower 
consists of vertical metallic circular section 
surrounded with concrete to a distance of 1.2 inch from 
the external wall and distributed throughout the en- 
tire circumference of the tower. It is these bars alone 
that, to the exclusion of the concrete that surrounds 
them, have to withstand, through their implantation 
into the base of the tower, the stresses due to the pres- 
wind. Since such the different 
tower continue to diminish in starting 
from the base, the number of the likewise con- 
tinues to diminish There are 71 of from the 
base up to a height of 37 feet; 65 up to a height of 45; 
47 up to a height of 73; and 52 at the upper part of 
the Each of these bars, which are of steel, has 
a diameter of 0.9 of an inch 

Migs. 3° and 4 show the 
connections between the different vertical These 
latter are, moreover, surrounded internally and ex- 
ternally for the entire height of the tower by a series 
of circular bars 0.39 of an inch in diameter spaced 10 
and 20 inches apart 


watch-chamber, which also are of 
inches in thickness, while 


The framework that 


the 


concrete, are 3.2 


walls of 


constitutes concrete 


bars of 


sure of the stresses in 
sections of the 
bars 
these 


tower 


transverse and longitudinal 


bars 


The total weight of the lighthouse, inclusive of the 
concrete filling of the foundation wall, is 160 tons, and 
the cost of construction was but $8,253. The work re- 


quired but two months for its completion. A compara- 
tive study made by engineers Pjatnizky and Bary- 
schnikow, who had the work in charge, shows that a 
lighthouse of brick masonry would have per 
cent more and one with a metallic frame 42 per cent 
more, and would have taken a much longer time to 
construct 

The extreme lightness of the tower, however, is open 
to criticism, upon grounds which we think it of in- 


cost 3S 


terest to point out. When a lighthouse of a certain 
height is submitted to squalls of wind, the tower un- 
dergoes oscillations which the French Lighthouse 
Board has recently been able to measure, and which, 


the operation 
Moreover, 


although slight, may nevertheless affect 
of the lighting apparatus during tempests 
under the influence of such oscillations, the primitive 
circular section of the tower oval, and, in a 
plane diametrical to the direction of the wind, vertical 
fissures often occur that extend from the upper part of 
the structure to about a third of the height In order 
to prevent such fissures, the experiment has been tried 
(although attended with no surrounding 
the coping of the tower with a belt of metallic hoops. 
What is necessary, then, is to endeavor to annul these 
oscillations by giving the tower an adequate rigidity. 
Now, experience has demonstrated that such rigidity 
is so much the greater in proportion as the weight of 
the tower is itself greater, that is to say, is constructed 
with materials of a great specific weight. Moreover, 
the variations in load upon the different transverse 
sections of the tower resulting from the pressure of 
the wind must be relatively slight with respect to the 
pressures produced by the very weight of the struc- 
ture. Thus, at the Calais lighthouse, which is 167 feet 
in height and built of brick, and in which in each of 
the sections of the tower the supplementary pressure 
resulting from the effect of the wind (supposing the 
latter to produce a maximum pressure of about 60 
pounds to the square foot) exceeds half of that due to 
the weight of the tower, the oscillations are consider- 
able, and very pronounced fissures are produced. 

On the contrary, at the Gatteville lighthouse, near 
Barfleur, which is 233 feet in height, but in which the 
weight of the tower, built of granite, is considerable, 
and in which the supplementary stresses due to the 
wind are slight in all the sections, the oscillations are 
inappreciable and no fissure has been produced. At 


becomes 


success) of 





the lighthouse recently constructed on Virgin Island in 
Brittany, with granitic materials, and the height of 
which up to the focal plane is 246 feet, it has been 
possible to obtain an absolute rigidity of the tower by 
so calculating the different sections that the supple- 
mentary pressures due to the wind shall be but a fifth 
of the total pressure of 15.5 pounds to the square 
inch, that is to say, 31 pounds (the rest being due to 
the height of the tower). At the Eckmiih! lighthouse 
recently constructed at the point of Penmarch, the total 
maximum stress of 110 pounds to the square-inch is 
due, for three-quarters, to the total weight of the tower, 
and so the rigidity is absolute. 

Upon the whole, in order to diminish the oscillations 
and give great rigidity. to towers submitted to wind 
squalls during tempests, it is necessary to increase the 
weight of the tower, as well as the moment of inertia 
of the sections. 

Experience runs likewise to demonstrate that the 
use of Portland cement, at least in the high parts, has 
the effect of diminishing the oscillations. 

The tower of the Nicolaief lighthouse, on the con- 
trary, is light and the moment of inertia of the sec- 
tions is but slight. Its coefficient of stability is but 
1.02, while at the Virgin Island lighthouse it reaches 
the figure of 10.8. We may therefore ask whether if 
in such a case important oscillations will not occur at 
the top of the tower, and, finally, whether it is possible, 
with reinforced concrete, to economically construct a 
tower of sufficient rigidity to resist wind squalls dur- 





THE NICOLAIEF LIGHTHOUSE. 


1. View of the lighthouse. 2. View of the iron framework of ‘the tower. 
3 and 4, Longitudinal and transverse connections of the framework. 


ing tempests without too much vibration.—Translated 
from La Nature for the Scientriric AMERICAN SUPPLE- 
MENT. 


CAVENDISH: MAN WHO WEIGHED THE WORLD. 

Henry CAVENDISH, Who has been called “the modern 
Newton,” was born in 1731, only four years after New- 
ton’s death. He was educated at a private school at 
Hackney, from which he passed to Peterhouse, Cam- 
bridge, which he left three years later without a de- 
Thereafter he was a man of science, devoting 


gree. 
his whole life to experimental philosophy. 
“The man who weighed the world,” wrote Henry 


Cavendish’'s cousin, the late Duke of Devonshire, “bur- 
ied his science and his wealth in solitude at Clapham.” 
His science, however, he did not bury, for he published 
to the world certain facts which placed him in the 
first rank of experimental philosophers. It was he 
who converted oxygen and hydrogen into water, and 
proved that it consists of these gases; it was he who 
first stated the difference between animal and common 
electricity, and it was he who, by a course of ingenious 
experiments, weighed the world. 

Cavendish had no vanity; he cared for no one’s 
praise, avoided society, and was, as one must suppose, 
an unhappy man, For money he cared little; up to his 
fortieth year he was comparatively poor, probably hav- 
ing an annual income of no more than £500, but in 
1773 an uncle died who left him an enormous fortune. 
Of that he spent very little; he was one of those rare 
men who have no idea of the value of money. His per- 
sonal needs were very simple, and the fact that he 
was rich never seems to have struck him as a matter 
of interest. 
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Cavendish had two houses, the one on Clapham Com. 
mon and another near the British Museum, at the cor. 
ner of Gower Street and Montague Place. He had few 
visitors, but his library was at the service of any one 
who cared to use it. Yet, so anxious was he to be up. 
disturbed that he hired a house in Dean Street ip 
which to accommodate his books, and paid a librarian 
to look after them. When he wanted to refer to his 
books he went around as though to a circulating }j. 
brary, and left a receipt for whatever he took away— 
an admirable idea, which should be encouraged now. 


 adays. 


His house at Clapham was practically a workshop; 
the upper rooms were converted into an observatory, 
the drawing room—Cavendish had no use for drawing 
rooms—was a laboratory, and in an anteroom he had 
fixed up a forge. On the lawn he erected a stage, 
which enabled him to reach the top of a large tree, on 
which secure and isolated perch he could be absolutely 
alone with his*thoughts. 

As a host one gathers that this strange being was 
hardly a success; the very few people who were adrnit- 
ted to his table were always given the same fare—a 
leg. of mutton. On one occasion four scientific men 
were to dine with him. When his housekeeper con. 
sulted him as to what she was to give them to eat 
he said a leg of mutton. “Sir,” said the good soul, 
“that will not be enough for five.” “Well, then, get 
two,” he replied. And this man who was conten to 
eat mutton everlastingly had no sense of beauty: he 
eared for nothing beyond his own work. His bh og 
rapher, Dr. George Wilson, said of him: 

“There was nothing earnest, enthusiastic, heroic. or 
chivalrous in the nature of Cavendish, and as li'‘tle 
was there anything mean, groveling, or ignoble. He 
was almost passionless. All that needed for its ap re- 
hension more than pure intellect or required the e er 
cise of fancy, imagination, affection, or faith, was ‘is. 
tasteful to Cavendish. An intellectual head think ng 
a pair of wonderful, acute eyes observing, and a jair 
of very skillful hands experimenting or recording. ire 
all that I realize in reading his memorials.” 

He simply left his income to accumulate. One §iay 
his bankers, finding that they had a balance of £80 100 
to his credit, sent up a messenger to consult him alout 
it. Cavendish was extremely perturbed, but he « on- 
sented to see the messenger. “What do you come here 
for?” he asked. “What do you want with me?” 

“Sir, I thought it proper to wait upon you, 
have a very large balance in hand of yours, and we 
wish your orders respecting it.” 

“If it is any trouble to you I will take it out of your 
hands. Do not come here to plague me!” 

“Not the least trouble to us, sir, not the least; out 
we thought you might like some of it to be invested.” 

“Well, well, what do you want to do?” 

“Perhaps you would like £40,000 invested!” 

“Do so, do so! And don't come here to trouble me, 
or I'll remove it.” 

He was essentially a shy man, to whom it was even 
difficult to speak. Dr. Wollaston said: “The way to 
talk to Canvendish is never to look at him, but to talk, 
as it were, into vacancy, and then it is not unlikely 
you may set him going.” And Prof. Playfair, who 
was a frequent visitor to the Royal Society Club, said: 
“Mr. Cavendish is a member of this meeting. He is 
of an awkward appearance, and has not much the look 
of a man of rank. He speaks likewise with great 
difficulty and hesitation, and very seldom. But the 
gleams of genius break often through this unpromising 
exterior. He never speaks at all but it is exceedingly 
to the purpose. and either brings some excellent in- 
formation or draws some important conclusion.” 

Cavendish’s shyness amounted almost to a disease 
He shrank from speech with strangers, and if he 
were approached abruptly he would dart away with a 
cry fike a seared animal. At such entertainments as 
he attended he would often stand, on the landing, afraid 
to face the company on the other side of the door, nor 
would he open it until the approach of some one from 
behind drove him forward. 

On one occasion, at a party at Sir Joseph Banks's 
house, a certain Dr. Ingenhousz took upon himself te 
praise Cavendish to his face in a high-flown and pomp 
ous manner by way of introduction to an Austrian 
gentleman who was present. The Austrian prom))tly 
took the cue, loaded the unfortunate philoso; her 
with compliments, and assured him that he had come 
to London mainly to meet him. Cavendish stood with 
downcast eyes, in abject misery, speaking never 4 
word. Then he saw an opening in the crush, flew to 
the door, jumped into his carriage and drove home at 
full speed. 

Women he hated; his usual method of communica 
tion with his housekeeper was by means of notes left 
on the hall table, and if any female servant came (nto 
his presence she was instantly dismissed. To guard 
against chance meetings with his household he hal 4 
second staircase erected in his Clapham villa. 1ord 
Brougham remembered “the shrill cry he uttered as he 
shuffled quickly from room to room, seeming to be an 
noyed if looked at, but sometimes approaching to heat 
what was passing among others.” 

This extraordinary man left a fortune of £1,750,10; 
his heir, Lord George Cavendish, was only permitted 
to see him once a year, and then for no longer (/1an 
half an hour. He never changed the fashion of his 
dress—a fact which naturally drew the attention to 


as we 


him which he was so anxious to avoid. He was in 
deed a man of pure science, in whose constitu’ {on 
there seemed no room for human kindness.—T. P.’s 
Weekly. 
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OctToBER 14, 1905. 
COMPLETION OF TWIN TUNNELS UNDER THE 
HUDSON RIVER. 


the work of tunnel construction under the 
Hudson River began as long ago as 1874, subsequently 


SINcl 


SCIENTIFIC AMERICAN SUPPLEMENT No. 1554. 


when rock was encountered in the lower part. The 
excavating shield in use, the one that the English com- 
pany had installed, was designed to be forced through 
silt, and it would merely have crumpled into a shape- 
less mass if it had been forced against this rock bar- 





UPPER PORTION OF SHIELD USED IN TUNNELING UNDER THE STREETS. 


ret d by financial and other difficulties, its success- 
fu upletion did not occur until after the present 
owl took it up in 1902. They completed the first 
or! h tunnel connecting Jersey City with the head- 
ing Morton Street, New York, on March 11, 1904, 
and | 'e second parallel adjoining twin tunnel on Sep- 


ten 29 last. 

T larger illustration shows the nature of the soil 
jagged rocks through which the tunnels pass 
and eir termination into one common shaft at the 


and e 


New York end. The two main elements of success in 
the nstruction were the use of an improved form 
of Beach hydraulic shield and compressed air. The 
ente ise has been financed and carried to completion 
by New York and New Jersey Company, of whicn 
M! illiam G. McAdoo is president 


T upper rear part of the interior of the shield 
use for extending the tunnel under Christopher 
Street in this city is shown in the smaller illustration. 
The plan of operation is to build up the sectional tun- 


nel m work in the hood of the shield at the rear 
and ‘hen by means of valves allow water under great 
pressure to propel outward the several hydraulic rams 


fixe n the rear frame of the shield, against the end 


of newly built section of the tunnel, and force the 
shic forward, two or three feet as may be required. 
The ms are then withdrawn and in the shield hood 
another section of tunnel is put up. The front portion 
of the shield is closed by a steel partition in which 
ire openings for the passing rearward of the earth and 
roc The air pressure in front of this partition pro- 
tects [he workmen during excavation from any leakage 


of water that might force its way through the earth 
Stratum between the top of the shield and the river 


bott The engineering work has been under the 
supervision of Jacobs & Davies, engineers of the com- 
pai bove named, and they deserve the highest praise 
in way unexpected difficulties have been success- 
full vercome. After beginning on the first tunnel in 
190) om where it had been finished (at a point about 
midway between the two shores) and approaching New 


York, the work had progressed only a few hundred feet 


rier. It was necessary, therefore, for the workmen to 
advance beyond the cutting edge of the shield, and 
blast out this rock before moving the shield forward 
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THE YEW YORK CITY EXTENSION OF THE HUDSON 
RIVER TUNNELS. 


If the rock had covered the entire face of the shield, 
this would have been a comparatively easy matter; 
but the engineers were confronted by the unique prob- 
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lem of driving the floor of the tunnel through rock 
and the roof through silt. To meet these conditions, 
it was found necessary to build an apron out in front 
of the shield, which would protect the workmen from 
the silt above. This apron projected forward about 6 
feet. It was built of “4-inch steel plates laid on brack- 
ets formed of 12-inch I-beams. This apron enabled the 
workmen to attack the rock without fear of being 
smothered by an avalanche of the soft silt from above 

Even with this protection the work was not without 
danger, as the rock varied in height from 1 to 16 feet. 
Fortunately, no casualties resulted, and the passage 
was slowly but steadily forced through the rock reef. 
With this danger past, the remainder of the work was 
comparatively simple, and the tunnel was rapidly 
pushed on to the New York heading. 

As the work advanced, the course of the tunnel was 
carefully plotted out, and the excavating shield was 
steered by increased pressure in one or another of the 
hydraulic jacks, ir order that it should be brought into 
perfect register with the brick lining of the New York 
heading at the point of juncture. So careful were these 
calculations, that when the shield met this heading, 
the lateral alinement was found to be almost perfect; 
but vertically, an error of a few inches was made. The 
north tunnel has an interna! diameter of 18 feet 11, 
inches, and is lined with cast-iron segments 1'% inches 
thick, braced with webs and formed with inwardly-pro- 
jecting flanges, which provide means for firmly bolting 
the sections together. At present an air pressure of 22 
pounds per square inch above normal is still main 
tained in the greater part of the tunnel, to prevent 
water from seeping through the joints of the lining, 
which have not yet been calked up. The center part of 
the shield and the rams are removed and the cast-iron 
sheathing or lining run out to join the brick lining of 
the old heading. The shell of the shield, however, can- 
not be removed, and will be buried behind the cast- 
iron lining, a final sacrifice to the work it has served 
so long and faithfully. 

During the construction of the south tunnel 
also progressed with the extension eastward from the 
Morton Street heading eastward under Christopher 
Street without disturbing the street surface. As 
shown in the diagram, the tunnel is to continue up 
Tenth Street to Sixth Avenue, and thence up to Herald 
Square, with intermediate stations at Greenwich, Four- 


work 


teenth, Eighteenth, Twenty-third, and Twenty-eighth 
Streets. A cross-town tunnel extension from Sixth 


Avenue and Tenth Street eastward to Fourth Avenue 
at Astor Place to connect with the existing subway has 
been authorized and is to be built. 

These tunnels are intended only for the use of elec- 
tric cars, and not, according to the popular misappre- 
hension, for heavy railway trains. The length of the 
tunnels between the shafts at Jersey City and Morton 
Street is 5,780 feet each, and the interior diameter of 
the south tunnel is 15 feet 3 inches, and the exterior 
diameter 16 feet 8 inches. There will be a single track 
in each tunnel, with concrete walks on the sides, to be 
used in case of a breakdown. Electric traction will be 
used, and the west-bound, or cars going to New Jersey, 
will run through the north tunnel and the east-bound 
cars coming to New York will pass through the tunnel 
just opened. 

Two additional tunnels are also under construction 
from Jersey City to the heart of the down-town district 
at Church and Cortlandt work is about 
being begun on a connection on the New Jersey 
of the river between the two sets of tunnels. 

In the future a system will be 
those living in nearby cities and towns of New Jersey, 
as well as those arriving from distant points by the 
steam railways terminating at the New 1 
front, will be enabled to reach the very center of either 
up-town or down-town New York by safe and comfort 
able access, at a great saving of time, and freed from 
the dangers and uncertainties due to fog and ice, or 
the many other hazards incident to a crowded water- 
way. 
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[Concluded from Su PprLemENtT No. 1558, page 24891.) 
DIAMONDS.* 
By Sir WILLIAM CROOKES. 
PHYSICS OF THE DIAMOND, 


I wi now briefly survey the chief chemical and 
physical characteristics of the diamond, showing you 
by the way a few experiments that bear upon the sub- 


ject. 
The black inclusions in some transparent diamonds 
consist of graphite. On crushing a clear diamond 


showing such spots and heating in oxygen to a tem- 
perature well below the point at which diamond be- 
zins to burn, Moissan found that the gray tint of the 
powder disappeared, no black spots being seen under 
There also occur what may be consid 
the well-crystallized 


the microscope 
ered intermediate forms between 
and graphite. These are “boart” and 
Boart is an imperfectly crystallized diamond, 
having no and therefore useless for 
Boart is frequently found in spherical globules, 
and may be of all colors. It is so hard that it is used 
in rock-drilling, and when crushed it is employed for 
culting and polishing other stones. Carbonado is the 
Brazilian term for a still perfectly crystallized 
torm of carbon. It is equally hard, and occurs in por- 
ous masses, and in pebbles, sometimes 


dianiond ‘car 
bonado 
clear portions, 


-ems 


less 


massive black 


weighing a couple or more ounces 


CRYSTALLIZATION 


The diamond belongs to the isometric system of 
crystallography the prevailing form is octahedral 
It frequently occurs with curved faces and edges. 


win crystals (macles) are not uncommon. 
On the table I various crystalline 
forms of native diamonds 


have models of 


No. 20. Diamond in the form of a _ hexakisocta 
hedron (the forty-eight scalenohedron), 
or a solid figure contained by forty-eight 
scalene triangles According to Prof. 
Maskelyne, this occurs as a self-existent 
form only in the diamond 

No. 59 Diamond in the form of a _ hexakisocta- 
hedron and octahedron From Suda 
frika 

No, 1065 Diamond in the form of octahedron with 
intersections 

No, 127 Diamond from Brazil 

No. 128 Diamond from Sudafrika 

No. 129 Diamond from Brazil 


A macle or twin crystal, showing its for- 


mation from an octahedron with curved 
edges 

The use of diamond in glass cutting I need not dwell 

on So hard is diamond in comparison 

suitable splinter of diamond will plane curls off a 

viass Plate as a carpenter's tool will plane shavings off 

On the screen I show a few diamond-cut 


to glass, that 


i deal board, 
class shavings 
Many crystals of diamonds have their surfaces beau- 
tifully with equilateral interlaced 
and of varying Under the 
markings shallow 
out of the surrounding surface; these depressions were 
Rose to the probability 
that the diamonds at time had 
also noted that 


marked triangles 


sizes microscope these 


appear as depressions sharply cut 


supposed by Gustav indicate 


some previous been 


Rose 
ippeared on the surfaces of diamonds burnt 


exposed to incipient combustion 
striations 
before the blowpipe 

I have tried many 
combustion of 


times to imitate these markings 
diamond, 
reproducing triangles of 
such beauty as you see nature. According 
to the crystalline face exposed to incipient combustion 
and sometimes 
will throw on the 
photographs of these etchings, and 
while the triangular or box-like 
tendency is very apparent, there is an absence of regu- 


by partial clear crystals of 


but have not succeeded in 
formed by 
the etchings are triangular or cubical 
intermediate two I 
magnified 
you will observe that 


between the 


screen 


larity and sharpness 

The artificial markings are closer massed, looking as 
if the diamond during combustion had been dissected 
into triangular and rectangular flakes, while the mark 
ings natural to crystals appear as if produced by the 
crystallizing force as they were being built up. 

Certain artificial diamonds present the appearance of 
un elongated drop. I have seen diamonds which have 
exactly the appearance of drops of liquid separated in 
condition and crystallized on cooling Dia- 
monds are sometimes found with little appearance of 
erystaliization, but with rounded forms similar to 
those which a liquid might assume if kept in the midst 
of another liquid with which it would not mix. Other 
liquid carbon retained for sufficient time 
above their melting-point would coalesce with adjacent 
drops, and on slow cooling would separate in the form 
of large perfect crystals Two. drops, joining after 
incipient crystallization, might assume the not uncom- 
mon form of interpenetrating twin crystals. Illustra- 
tions of all these caprices are here to-night. 

Again, diamond crystals are generally perfect on 
all sides. They show no irregular side or face by 
which they were attached to a support, as do artificial 
erystals of chemical salts—another proof that the dia- 
mond must have crystallized from a dense liquid. 

Having no double refraction the diamond should not 
act on polarized light. But as is well known, if a 
transparent body which does not so act is submitted to 
strain of an irregular character it becomes doubly re- 
fracting, and in the polariscope reveals the existence 


i pasty 


drops of 


* Abstract of a lecture delivered before the South African meeting of 
the British Association for the Advancement of Science. 
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of the strain by brilliant colors arranged in a more or 
less defined pattern according to the state of tension 
in which the crystal exists. I have examined many 
hundred diamond crystals under polarized light, and 
with few exceptions all show the presence of internal 
tension. I will project some diamonds on the screen 
by means of the polarizing microscope, and you will 
see by the colors how great is the strain to which some 
of them are exposed. On rotating the polarizer, the 
black cross most frequently seen revolves round a par- 
ticular point in the inside of the crystal; on examin- 
ing this point with a high power, we sometimes see 
a slight flaw, more rarely a minute cavity. The cavity 
is filled with gas at enormous pressure, and the strain 
is set up in the stone by the effort of the gas to escape. 
I have already told you that the great Cullinan dia- 
mond by this means reveals a state of internal stress 
and strain. 

It is not uncommon for a diamond to explode soon 
after it reaches the surface; some have been known to 
burst in the pockets of the miners or when held tn 
the warm hand, and the loss is the greater because 
large stones are more liable to explode or fly in pieces 
than small ones. Valuable stones have been destroyed 
in this way, and it is whispered that cunning dealers 
are not averse to allowing responsible clients to handle 
or carry in their warm pockets large crystals fresh 
from the mine. By way of safeguard against explo- 
sion, some dealers imbed large diamonds in raw potato 
to insure safe transit to England. 

The anomalous action which many diamonds exert 
on polarized light is not such as can be induced by 
heat, but it can easily be conferred on diamonds by 
pressure, showing that the strain has not been pro- 
duced by sudden cooling, but by sudden lowering of 
pressure. 

The illustration of this peculiarity is not only dif- 
ficult, but sometimes exceedingly costly—difficult be- 
cause it is necessary to arrange for projecting on the 
screen the image of a diamond crystal between the 
jaws of a hydraulic press, the illuminating light hav- 
ing to pass through delicate optical polarizing appar- 
atus—and because only perfect, clear crystals 
can be used, and crystals of this character sometimes 
fly to pieces as the pressure rises. No color as yet is 
seen on the screen, the crystal not being birefringent. 
A movement of the handle of the press, however, gives 
the crystal a pinch, instantly responded to by the col- 
ors on the screen, showing the production of double 
refraction. Another movement of the handle brightens 
the colors; a third may strain the crystal beyond its 
power of resistance, so [ refrain. 


costly 


HARDNESS, 


Diamonds vary considerably in hardness, and even 
different parts of the same crystal differ in their re- 
sistance to cutting and grinding. 

Beautifully white diamonds have been found at In- 
verel, New South Wales, and from the rich yield of the 
mine and the white color of the stones, great things 
were expected. In the first parcel which came to Eng- 
land the stones were found to be so much harder than 
South African diamonds that it was at first feared that 
they would be useless except for rock boring purposes. 
The difficulty of cutting them disappeared with im- 
proved appliances, and they now are highly prized 

The famous Koh-i-noor, when cut into its present 
form, showed a notable variation in hardness. In cut- 
ting one of the facets near a yellow flaw, the crystal 
became harder and harder the further it was cut, and 
after working the mill for six hours at the usual speed 
of 2,400 revolutions a minute, little impression was 
made. The speed was increased to more than 3,000, 
when the work slowly proceeded. Other portions of the 
stone were found to be comparatively soft, and hard- 
ened as the outside was cut away 

I can illustrate the intense hardness of the diamond 
by experiment. On the flattened apex of a conical 
block of steel I place a diamond, and upon it I bring 
down a second cone of steel. With the lamp I project 
an image of the diamond and steel faces on the screen, 
and force them together by hydraulic power. I can 
squeeze the stone into the steel blocks without injur- 
ing it in the slightest degree. 

The pressure gage shows 60 atmospheres, and the 


9 


piston being 3.2 inches diameter, the absolute pressure 


is 3.16 tons, equivalent on a diamond of 12 square 
millimeters’ surface to 170 tons per square inch of 
diamond. 


Although not directly bearing on the subject I will 
introduce the only serious rival of the diamond as re- 
gards hardness. It is the metal tantalum, a fine speci- 
men of which I owe to Messrs. Siemens Brothers. A 
hole had to be bored through a plate of this metal, and 
a diamond drill was used revolving at the rate of 5,000 
revolutions per minute. This whirling force was con- 
tinued ceaselessly for three days and nights, when it 
was found that only a small depression 4% millimeter 
deep had been drilled, and it was a moot point which 
had suffered most damage, the diamond or the tanta- 
lum.* In another respect tantalum is likely to rival 
graphitic carbon, as it has rivaled adamantine carbon. 
Its thin wire is extensively used for filaments of in- 
candescent electric lamps; it shows a much higher ef- 
ficiency than does the old carbon filament. The melt- 
ing-point of tantalum is about 2,300 deg. C., a temper- 
ature seldom or never reached in an ordinary lamp. 


DENSITY. 
The following table gives the specific gravities of the 
minerals found on the sorting tables: 





*W. von Bolton, Zeitechr, Elektrochem,, fi., 45—51, Jan, 20, 1904, 
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Specific gravity. 


I a a rknia egldiwie aches at 2.5 
Quartzite and granite............. 2. 
0 EER ee ee eee 2.7 
Ee Cees oP ee ee ee 2.8 
ED Saige ik nines Wee 6 bh-eOrw ie 3.0 
a lettin tate aa Bilal Reds iai 3.47—3.49 
CD, occu wie dchoe ek neubeekie” 3.50 
EE, Bodkin en atone Casa S eae 3.514—3.518 
EE nikt nace aie deka ed ae ceeteae 3.7 
ee 3.9 
Gowns ehelhgktarnas cecnrent 4.4 
Dn <cvadbeareiwase ieee ibe d 4.5 
Chrome and titanic iron ore...... 4.7 
Oe ee 5.0 


I have here a liquid, the double nitrate of silver and 
thallium, which while solid at ordinary temperatures. 
liquefies at 75 deg. C., and then has a specific gravity 
of 4.5. Admixture with water lowers the density to 
any desired point. 

In the projection apparatus I have a glass cell con- 
taining this liquid diluted to a density of about 34, 
I throw in pieces of the above-named minerals, «ni 
you see all those whose density is lower than 3.6 1} is¢ 
to the surface, while the denser minerals sink. I now 
carefully add a little water and stir well, until I h 
reduced the density of the liquid to that of the «ia- 
mond, when the heterogeneous collection sorts itself 
into three parts. The graphite, quartz, beryl, miva, 
and hornblende rise to the surface; the garnet, cor \n- 
dum, zircons, etc., sink to the bottom, while the ¢ia- 
monds float in the middle of the liquid. With a pl ti- 
num landing net I skim off the swimmers and it 
them into one dish; with the same net I fish out hie 
diamonds and put them in a second dish, while by ris 
ing a sieve at the bottom I remove the heavy mine) iis 
and put them into a third. The accurate separation of 
diamonds from the heterogeneous mixture has | en 
effected in less time than has taken me to describe he 
experiment. 

The table shows that diamonds vary somewhat in 
density among themselves, between narrow lim ts, 
Here is an illustration. I have a flat test-tube in wh ch 
I have some of the same dense liquid, and in it re 
three selected diamonds. One rises to the top, anot.sier 
floats uncertain where to settle, rising and falling «as 
I raise or lower the temperature of the sorting liq: id, 
while the third sinks to the bottom. Allowing he 
liquid to cool a degree or two slightly increases |he 
density and sends all three to the surface. 

REFRACTIVITY. 

But it is not the hardness of the diamond so much 
as its optical qualities that make it so highly prized. 
It is one of the most refracting substances in nature, 
and it aiso has the highest reflecting properties. in 
the cutting of diamonds advantage is taken of these 
qualities. When cut as a brilliant the facets on the 
lower side are inclined so that light falls on thom 
at an angle of 24 deg. 13 min., at which angle all tl 
incident light is totally reflected. A well-cut brilliant 
should appear opaque by transmitted light except a! a 
small spot in the middle where the table and culet i'r 
opposite. All the light falling on the front of the 
stone is reflected from the facets, and the light 
ing into the diamond is reflected from the interior su 
faces and refracted into colors when it passes out into 
the air, giving rise to the lightnings, the effulgence, 
and coruscations for which the diamond is supreme 
above all other gems. 

I hold some cut diamonds in the electric light: by 
transmitted light you see they are black, while |) 
reflected light they fill the room with radiance, dazzle, 
and color. 

The following table gives the refractive indices of 
diamonds and other bodies: 


puss 


REFRACTIVE INDICES FOR THE D LINE, 


Chromate of lead 2.50 
Diamond 
Phosphorus 
Sulphur 
Ruby 
Thallium glass 
DI ND 6 date cd-encacas hee ee se 
Topaz 
Beryl 
Emerald 
ree ee 
Quartz 
Canada balsam 
NE Nb. 6:0 ees wicaendcdabavecs 
Fluor spar 
Shi 6a vawss sce ecaveummete tae wn 





In vain I have searched for a liquid of the sar 
refraction as diamond. Such a liquid would be inyviit 
able to the merchant, as on immersing a stone the c! at 
body would absolutely disappear, leaving in all their 
ugliness the flaws and black specks so frequently s:cu 
even in the best stones. 

Arguing from theoretical considerations connec cd 
with the specific refractive energy of diamond, and 
employing Lorentz’s expression for refraction— 


( —1 *) 
2+ 2\d 
in which wu—refractive index; 
u— 1=—refractive energy; 
d= density; 
P=molecular weight. 


Brith] has shown that diamond is perfectly normal 
in its optical properties, and has an atomic refiac 
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tion = 5. He has put forward the speculation that the 
diamond may be the last member of the paraffin series 
of which marsh-gas is the first. 

“Now we can imagine,” says Briihl,* “why the dia- 
mond, ie., pure crystallized carbon, is optically nor- 
wal. We obtain an idea of the mineral’s chemical con- 
stitution, and of the way in which the atoms of carbon 
are perhaps combined in the sparkling gem. The dia- 
mond cannot possibly contain any double bonds. Imag- 
ne, however, at each of the six corners of a regular 
octahedron, a single molecule of marsh-gas, CH,, i.e., 
together C,H,,, and then imagine all the 24 hydro- 
gen atoms successively removed, so that each carbon 
itom is connected with each of its neighbors only hy 

single bond, and thus all six atoms of carbon are 
united together in a single whole. Then you obtain, as 
ihe most simple representation of the molecule of the 
iamond, a regular octahedron, with one atom of car- 
hon at each of its six corners, while the edges repre- 

nt the mutual bonds: 





kind com- 


this 
ied into one crystallized particle of the spectrochem- 
ly normal diamond.” 


eral simple molecules of may be 


ABSORPTION SPECTRUM OF DIAMOND, 


nm passing a ray of light through a diamond and 


e\ mining it in a spectroscope, B. Walter has found in 


monds from 


light. The 
which are fluorescent in 


( 


f 


| 


t} 


colorless brilliants of over one carat in weight, an 

orption band at wave-length 4,155 (violet). He 

ribes this band to an impurity and suggests it may 
jo ssibly be due to samarium. Three other fainter lines 
detected in the ultra-violet by means of photog 
rephy. 


\ e 


PILOSPLIORESCENCE OF DIAMOND, 


\fter exposure for some time to the sun many dia- 
glow in a dark room Some diamonds 
rescent, appearing milky in sunlight. In a vacuum, 
high-tension current of electricity, dia 
phosphoresce of different most South 
diamonds shining with a bluish light. Dia- 
other localities emit bright blue, apricot, 
e blue, red, vellowish green, orange, and pale green 
diamonds are those 
One beautiful green 
phosphorescing in a 
light as a candle, 


nds are 
osed to a 
nds colors, 


ican 


phosphorescent 
the sun 
imond in my collection, when 
od vacuum, gives almost as much 
| you can easily read by its rays. But the time has 
dly come when diamonds can be used as domestic 
minants! The emitted light is pale green, tending 
white, and in its spectrum, when strong, can be 
n bright lines, one at ‘about Q 5,370 in the green, 
me at A 5,130 in the greenish blue, and one at Q 5,030 
the blue. 
\fter many years’ bombardment in a vacuum 
s diamond grew very dark, almost black on the sur- 
e. Heating in a mixture of nitric acid and potas- 
um chlorate scarcely changed the color. The action 
heat was then tried, and on slowly heating to about 
() deg. C, the dark color entirely disappeared, and the 


most 


tube 


ixinal milky green appearance was restored.  Al- 
ough I watched narrowly I could see no trace of 


osphorescence during the heating. 
Diamonds which phosphoresce red 
e yellow sodium line superposing on a 
pectrum. In one Brazilian diamond phosphorescing 


generally show 
continuous 


«u reddish yellow color, I detected the citron line charac- 


New 


ristic of yttrium. 
iy permission of Mrs. Kunz, wife of the well-known 
York mineralogist, I will show you perhaps the 
ist remarkable of all phosphorescing diamonds. This 
odigy diamond will phosphoresce in the dark for 
i minutes after being exposed to a small pocket 
ctric light, and if rubbed on a piece of cloth a long 
eak of phosphorescence appears 
rhe which make the diamond phosphoresce 
« high in the ultra-violet. A thin sheet of glass cuts 
em all off. To illustrate this phosphorescence under 
infiuence of the ultra-violet rays, I have arranged 
owerful source of these rays, and in front I expose 
lesign made up of certain minerals—willemite, frank 
ite. calcite, ete.—phosphorescing of different colors 
eir brilliant glow ceases entirely when I interpose a 
n piece of glass between them and the ultra-violet 


rays 


ip. 
PRIBU-L.U MINESCENCE, 
\ few minerals give out light when rubbed, and 
s. Kunz’s diamond is equally striking in this re- 
spect. In the year 1663 the Hon. Robert Boyle read a 


several 


iper before the Royal Society, in which he described 
experiments made with a diamond which 
rkedly showed tribo-luminescence. As specimens of 
ho-luminescent bodies I show you sphalerite} (sul- 
Proceedings of the Royal Institution, May 26, 1905, 

\rtificial tribo-luminescent sphalerite : 
Zine carbonate she soescs 
Flower of sulphur.... 

Manganese sulphate ahées ‘ 
Vix with distitied water and dry at a gentle heat. Put in luted erucible 
uvl keep at a bright red heat for from two to three hours 


....100 parts, 
. » 3 parte, 
Ve per cent, 
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phide of zinc) and an artificial sphalerite, which is 
even more responsive to friction than the native sul 
phide. 
COMBUSTION OF THE DIAMOND. 

When heated in air or oxygen to a temperature vary 
ing from 760 deg. to 875 deg. C. according to its hard 
ness, the diamond burns with production of carbonic 
acid. It leaves an extremely light ash, sometimes re 
taining the shape of the crystal, consisting of iron, 
iime, magnesia, silica, and titanium. In boart and car 
bonado the amount of sometimes rises to 4 
cent, but in clear crystallized diamonds it 
higher than 0.05 per cent. By far the largest constitu 
ent of the ash is iron 

The following table shows the temperatures of com- 
bustion in oxygen of different kinds of carbon 


ash per 


is seldom 


Deg. C. 
carbon. . 650 
heated in an electrical 


Condensed vapor of 
Carbon from sugar, 


ie en 660 
Artificial graphites, generally. : 660 
Graphite from ordinary cast-iron....... 670 
Carbon from blue ground, of an ochrey 

SE: oi wdebenmke Gave ne a : ed date ee 
Carbon from blue ground, very hard and 

BE. cendceneces a ee wes 710 
Diamond, soft Brazilian 760 
Diamond, hard Kimberley... 780 
Boart from Brazil 790 
Boart from Kimberley 790 
Boart, very hard, impossible to cut... 900 


ACTION OF RADIUM ON DIAMOND, 


The s-rays from radium having like properties to 
the stream of negative electrons in a radiant matte) 


tube, it was of interest to ascertain if they would exert 
» like difference on diamond. The diamond glows un 
the influence of the S-radiations, and crushed dia 

metal 
almost 


aer 
mond cemented to a piece of card or 
excellent screen in a spinthariscope 

zine sulphide. Some fine colorless crystals of diamond 
undis 


makes an 


as good as 


were embedded in radium bromide and kept 
turbed for more than twelve months. At the end of 
that time they were examined. The radium had 


and their 


increased 


caused them to assume a beautiful blue color 


value as “fancy stones” had been materially 


Here are 2 couple of diamonds originally of the same 
purity of water. One has been colored by radium, the 
other is in its natural state. The color of the radium 
tinted stone is very pronounced The lantern slide 


shows the darkening thus produced {4 and B are dia 
monds after twelve months’ burial in radium bromide; 


diamond (C is of the original colo 


This blue color is persistent and penetrates below 
the surface. It is unaffected by long-continued heating 
in strong nitric acid and potassium chlorate, and is 


not discharged by heating to redness 

To find out if this prolonged contact with radium 
had communicated to the diamond any radio-active 
properties, six diamonds were put on a photographic 
plate, and kept in the dark for a few hours I will 
project the image of the result after development 
The three on the upper row are the diamonds which 
have had a prolonged sojourn with radium, the three 


below are similar diamonds picked out for comparison 
which have not radium. See 
the three upper ones have acted. Notice also that by 
mere contiguity to the others the lower diamonds also 
shine with an induced, factitious radio-activity I 
throw on the screen a magnified the 
blue crystals, and you how zeo 
metrical a pattern the 
from the crystal. This observation has only been 
a short time, and is still under investigation. Like the 
blue tint the radio-activity persists after drastic treat 
ment. To me this that radio-activity does not 
merely consist in the adhesion of electrons or emana 
tions given off by radium, to the surface of an adja 
cent body, but the property is one involving layers be 
low the surface, and like the alteration of tint 
ably closely connected with the intense molecular ex 
citement the stone had experienced during its twelve 
months’ burial in radium bromide 


been near how strangely 


one ot 
and 
radiate 


image of 
see in regulal 
radio-active emanations 
made 


proves 


is prob 


A diamond that had been colored blue by radium 
and had acquired strong radio-active properties, was 
slowly heated to dull redness in a dark room. Just 


phosphorescence spread over 
examining the diamond i 
the radio-activity 


before visibility a faint 
the stone. On cooling and 
was found that neither the color nor 
had suffered appreciably 

The diamond is remarkable in anothe1 
extremely transparent to the Roéntgen rays, 
highly refracting glass, used in imitation diamonds, is 
almost perfectly opaque to the rays. I exposed for a 
few seconds over a photographic plate to the X-rays 
the large Delhi diamond of a rose-pink color weighing 
311% carats, a black diamond weighing 25 carats, and 
a glass imitation of the pink diamond, On develop 
ment, the impression where the diamond obscured the 
rays was found to be strong, showing that most rays 
passed through, while the glass was practically opaque. 
By this means imitation diamonds can readily be dis- 
tinguished from true gems. 

I have already signified that there de- 
grees of refractoriness to chemical reagents among the 
different forms of graphite. Some dissolve in strong 
nitric acid; other forms of graphite require a mixture 
of highly concentrated nitric acid and potassium chlo- 
rate to attack them, and even with this intensely pow- 
erful agent some graphites resist longer than others. 
M. Moissan has shown that the power of resistance to 
nitric acid and potassium chlorate is in proportion to 
the temperature at which the graphite was formed, and 


respect It i 


whereas 


are various 


24899 


with tolerable ce. aunty we can estimate this tempera- 
ture by the resistance of the specimen of graphite to 
this reagent. 

The superficial dark coating on a diamond after ex- 
posure to molecular bombardment I have proved to be 
zraphite.* M. Moissany has shown that this graphite, 
on account of its great resistance to oxidizing reagents, 
cannot have been formed at a lower temperature than 
3,600 deg. C. 

It is thus manifest that the bombarding 
endowed with an electric charge, and striking the dia 
mond with velocity, the superficial 
layer to the temperature of the electric arc, and turn 
it inio graphite, while the mass of diamond and its 
conductivity to heat are sufficient to keep down the 
general temperature to such a point that the tube ap 
warm to the touch 
A similar action occurs with silver, the superficial 
which raised to a red heat withou 
the whole mass becoming more than warm. 

I will now draw your attention to a strange property 


electrons 


enormous raise 


pears scarcely more than 


layers of can be 


of the diamond, which at first sight might seem to 
discount the great permanence and unalterability of 
this stone. It has been ascertained that the cause of 


phosphorescence is in way connected with the 
hammering of the electrons, violently driven from the 
negative pole, on to the surface of the body under ex 
is the energy of the bombard 
ment, that impinging on a piece of platinum or even 
iridium, the metal will actually melt. When the dia 
mond is thus bombarded in a radiant matter tube the 
result is startling. It not only phosphoresces 
sumes a brown color, and when the action is long con 
tinued becomes almost black 

I will project a diamond on the screen and 
it with radiant matter before vour eves. I do not like 
to anticipate a failure, but | am at the merey of my 
diamond. I this experiment, and it 
may happen that the diamond | will 
show and not blacken in reasonable time 
Some diamonds visibly darken in a few minutes, while 
others, more leisurely in their ways, require an how 

This blackening is only superficial, but no ordinary 
means of cleaning will remove the discoloration. Ordi 


some 


amination, and so great 


but as 


bombard 


cannot rehearse 


have selected 


caprice 


nary oxidizing reagents have little or no effect in re 
storing the color The black stain on the diamond is 
due to a form of graphite which is resistant to oxida 
tion 


CONVERSION OF DIAMOND INTO GRAPHITE, 
Although we cannot graphite into diamond 
we can change the diamond inte graphite I 


clear crystal of diamond and place it between two car 


convert 


tuke a 


bon poles, and throw the image on the screen by mean 
I now bring the poles 
intervening together and form an are 
The temperature of the diamond , rapidly 
rises, and when it approaches 3,600 deg. C 
breaks down, swells 


of a powerful are lamp behind 


with diamond 
bet ween 
the vaporiz 
and changes 
this 


ing point of carbon, it 


into black and valueless graphite. I show experi 
ment because it is striking and suggestive. I may add 
that it is costly—because the stone if not of fine qual 


ity might easily burst 


CONTEMPORARY ELECTRICAL SCIENCE.S 


Cancer AND Ravium Rays.—J. Rehns and P. Salmon 
describe two cases of successful treatment of mild 
cancerous growths, one being an epithelioma of the 
lower lip, another a nasal growth. Treatment was b) 


application of a radium preparation for fifteen to sixt 


minutes daily for two or three months. The prepara 
tion was contained in a box manipulated by the p 
tients themselves. The authors point out the conven 


ience of radium preparations as against ROntgen tubes 
and express the hope that they will more gen 
Rehns and Salmon, Comptes Rendu: 


become 
available 
1905. 


erally 
June 26, 


PROPERTIES OF TONOPLASTIC TRON 
iron, placed in a magnetic field 


plane-polarized vi 


Macxero-Opri 
Transparent sheets of 
normal to their 
bration traversing them into an elliptic vibration whos« 
the ratio a: £8 tan, and 
axis makes an angle, g with the plane of the incident 
vibration. L. Houllevigue and H, Passa have measured 
¢ and gp with precision, using an 
nishing a field of 22,000 units inside the perforations 
as measured by a piece of glass standardized with re 


plane, transform a 


uxes are in whose major! 


electromagnet fur 


spect to carbon bisulphide. The angles » were smal! 


amounting as a maximum to 40 minutes, and » amount 


ed to 26.7 as a maximum, The rotation was propor 
tional to the thickness of the films, and the author 
point out that this circumstance offers another mean 
of determining such very slight thicknesses, and a 
method which is much more trustworthy than that 
based upon transparency The ellipticity tan @ wa 
found not to grow in proportion to the field, but to 


tend toward a limit at a field intensity of about 50,000 
units. The thickness seemed to have little effect upon 
it, beyond a slight increase at the greater thicknesses 
The ellipticity is apparently a surface effect, wheres 
the rotation increases as the rays penetrate into the 
substance. This result agrees with Righi'’s theory, who 
considers the ellipticity of the transmitted light as due 
to the inequality of the reflecting powers for the two 
inverse circular beams. lIonoplastic iron seems to have 
the same maximum rotatory power as electrolytic iron 
but only to attain it at .a higher field intensity.—Hou! 
levigue and Passa, Comptes Rendus, July 8, 1905 


* Chemical News, vol, Ixxiv., p. 39, July, 1896, 
+ Comptes Rendus, exxiv., p. 653, 
Soc., vol. 1, p. @, June, 1891 


{. Fournier d’Alve in the Electrician, 


Roy. 
§ Compiled by E, I 
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LIGNITE PRODUCER-GAS PLANTS.* 
By Dr. ALFRED GRADENWITZ. 


Tue economical advantages of producer-gas plants 
ever steam power plants are mainly due to the more 
satisfactory utilization of the fuel. Numerous meas- 
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There was, however, one drawback to the universal 
adoption of suction gas plants, namely, the fact that 
anthracite or coke, which are both rather expensive, 
could alone be used. Endeavors have therefore been 
made for a short time to convert lignite and lignite 
briquettes into a gas available for the operation of 


LLihLliltlllillidlildtlililllllllhilttltlldlllddddddie 





























Yj 




















L 


Exhaust condutt 










































il heed ‘otheMolon 
== 











hHwwtt/) 
LLL LLL 


Fie. 1.—SECTIONAL VIEW OF A LIGNITE PRODUCER-GAS PLANT. 


urements and observations have borne out the fact 
that the economical efficiency (i. e., the ratio of the 
amount of heat theoretically required for one effective 
horse-power to the heat actually consumed) is about 
15 per cent in the case of the very best steam engine 
plants and as high as 25 to 26 per cent in suction gas 
plants the utilization of the available 
heat is nearly twice as great as in steam engine plants. 
be borne in mind that the opera- 
plant is dependent on the skill 
and care of superintendence as well as on the age of 
the boilers to such an extent that conditions are even 
more satisfactory for 


In other words 


It should, moreovet 
tion of a steam power! 


gas plants in the case of perma- 
nent practical operation 

No wonder then that producer-gas engines have been 
assuming of late years an ever-increasing importance 
as competitors of steam engines, even in such provinces 
as were formerly reserved exclusively to the latter, the 
more so since the adoption of suction gas plants, where 
the motor itself, thus insuring a 
arrangement and 


the gas is sucked by 
considerable simplification in the 
superintendence of the plant 


* Specially prepared for the SCIENTIFIC AMEKICAN SUPPLEMENT. 


gas engines, and the Deutz Gas Motor Works were 
able as early as in 1902 to exhibit at the Diisseldorf 
Industrial Exhibition a 70-horse-power lignite pressure 
generator in full working order. In this the gas was 


Composition ( H Oo N Ss | 
— - —— ——— | 
Hannover peat...... ‘ 41.46 3.88 18.85 023 
Giengen in Br. peat.... 3 2.71 17.68 016 


Hannover peat 
Giengen in Br. peat 


generated in the producer by blowing in air, when the 
gases produced would pass through a dust bag, allow- 
ing any coarse coal particles to precipitate, thence 
through a condenser, where the gas coming in contact 
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with a spray of water would be cooled efficiently, the 
larger part of the tarry matter being separated. -An- 
other tar separator was located behind this condenser. 

The heat utilization was found to be excellent’ in 
these producers, a consumption ‘of 1.29 kilogrammes 
(2.8 pounds) per effective horse-power hour being re 
corded in a test made by Pref. E. Meyer with a coal 
of 2,200 heat units. The same generators could, more. 
over, be used to gasify peat. In fact, even very low- 
grade material, containing as much as 50 per cent 
water, proved quite available, warranting the same 
safety of operation as in any other solid-fuel gener- 
ators. The figures given below, obtained in the gasifi- 
cation of some kinds of fuel, may be of interest. 

The efficiency of gas production accordingly works 
out at 74% per cent with both kinds of peat. As the 
larger size Deutz motors use up as an average 2,200 
heat units per effective horse-power hour with full 
load, the consumption of fuel is 0.830 kilogramme and 
1.230 kilogrammes (1.82 and 2.71 pounds) respectively 
per effective horse-power hour for the two kinds of pea 

Now the producers described in the above are sui'- 
able mainly for lignite containing a small percentage 
of tar and a large percentage of water. As the tar in- 
cluded in the coal escapes along with the produce: 
gas, some especially effective cleaning apparatus shoul l 
be provided for, lest the tar get into the motor or ol 
struct the pipes. Owing to the dirtiness and the more 
or less disagreeable smell ‘of the water as it is dis 
charged from the cleaning apparatus, the scope o 
such plants, which can hardly be installed inside cities 
is necessarily limited. 

In order to do away with the above drawback, the 
Deutz Gas Motor Works recently proceeded to con 
struct a novel kind of plant, where the tars are de 
composed in the producer itself. These double gen 
erators, after first coking the fuel, will convert th« 
products of distillation resulting in the process into 
permanent gases, which are added to the producer ga 
blown from the coke when a practically inodorous ga: 
burning with non-luminous flame will be obtained. 

The outfit serving to produce the gas consists mainl) 
of a producer, A, with an upper and a lower combus 
tion zone, a water-locked dust-bag, B, a scrubber, C, : 


HO Gas output per 1 kg 


Ashes. | Heat value. peat 
3.26 | 32.3 3506 bh. u. 1.86 m 
4.78 44.42 2392 h. u. 12 m 


Average heat value of generated gas. 


1429 per cubic meter. 
1350 per cubic meter. 


three-way cock, H, an exhauster, V, a purifier, F, and 
the overflow tanks, gg,. The producer is a straight 
lined pit oven having a grating underneath and being 
open on the top, the gas being discharged from about 
half the height of the pit. 

Assuming the plant to be in full operation, the moto1 
will draw in with each suction stroke a certain amount 
of gas from the scrubber, (, or the producer, A, thus 
producing a depression in the apparatus. This depres 
sion is communicated in the same way both to the 
upper and lower halves of the producer, when the fol- 
lowing processes will take place 

The fuel freshly poured out about the upper incan- 
descent zone will be degasified by the radiant heat of 
the latter, when hydrocarbons wil! be driven out, both 
in the shape of gas and vapor. The suction action of 
the motor will throw these products of distillation 
through the incandescent layer, thus raising the tars 
to great heat, and converting them into permanent 
gases. The air, which is likewise drawn through, will 
produce a partial gasification of the fuel, when the 
carbon is converted into carbon monoxide and nitro- 
gen, thus producing the amount of heat required to 
degasify and to heat the poured-out fresh fuel as it 
is sinking downward, thus giving rise to the above-de- 
scribed processes. 

The degasified fuel gradually gets into the lowe 
part of the producer, where there is above the grate 
an incandescent layer of the degasified fuel, replaced 
by the fresh fuel as it is sinking from above. This 
lower fuel column now undergoes the action of the 
depression produced by the motor in the same way as 
the upper part, so that the air entering through the 
ash-pit, a, perfectly gasifies the fuel above the grate. 

The gases formed in the upper and lower parts of 
the generator are drawn away by a common pipe, DB. 
and first enter a spacious water-cooled dust-bag, B 
where the reduced speed of the gas will result in the 
separation of the osh and pitch carried along. The 
dust-bag is kept filled up to a certain level by the 
water discharged from the scrubber, ( (as seen from 
the diagram), so that the gas on its passage must 
penetrate somewhat into the water. As the plant is 
stopped, the water level in the dust-bag will automat 
ically lock the generator against the remaining ap- 
paratus of the plant. The gas is led through the scrub 
ber, (, there to be cooled and cleaned. 

The scrubber is a vertical, cylindrical sheet-iron ves 
sel filled with coke, from the top of which water in a 
finely distributed condition is supplied to the interior 
by arose. At the water discharge of the scrubber there 
has been fixed a wire basket, k, preventing any coke par 
ticles from penetrating into the dust-bag, B, after fall 
ing through the grate. From the scrubber the gas will 
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flow through the three-way switching cock, H, and the 
cleaner, F, direct to the motor. The cleaner, Ff’, con- 
sists of a cast-iron vessel in which a number of per- 
forated plates have been suspended. The holes of these 
plates are so disposed relatively to one another that 
the gas on its passage continually changes its direc- 
‘ion, when both the water and any impurities in the 
as are separated. 

The ventilating fan, V, serves to blow in the gener- 
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the Western Society of Engineers in which the classi- 
fication and peculiarities of turbines were discussed at 
some length, and this paper deserves attention because 
the author advocates the adoption of certain German 
views concerning classification which are more rational 
than those customarily held in the United States. 

The first steam turbine, the 10-horse-power wheel 
built by C. A. Parsons in 1884, was a reaction machine, 
while the next type, the de Laval wheel of 1889, was 








Fie. 2.—LONGITUDINAL SECTION 


r before the plant is started. To this effect the 

ee-way cock, H, is inverted, and the suction pipe of 
t ventilator thus connected with the scrubber, C, and 
{ gas pressed into the open through the discharge 

e, L, until it safely burns with a blue flame from a 
ic ting cock. Before the motor is started, the ventil- 
alor should be thrown out by inverting the three-way 
cock, H. 

n such plants as produce gas for heating purposes 
t ventilator is connected with the scrubber, and 
(’oWws away the gas, throwing it through the conduit 


t ird the gas-bell, whence it is supplied to the places 
( onsumption. The three-way cock, H, is then in- 
serted in the conduit, L, and serves to lead the gas 


eiiher toward the gas-bell during regular operation, or 
to discharge it into the open during the preheating 
period. 

While it is stopped, the generator is allowed to burn 
on like an ordinary oven, to which effect a chimney is 
lowered on the pit cover, D, which is open in the middle 

| placed on wheels, so as to enable the whole pit 
cross-section of the generator to be readily disengaged 
during operation, with a view to effecting the charge. 
\ny slags formed during operation are forced with a 

through the discharge, 0, whence an aperture, m, 
susceptible of being locked, serves to remove the ashes 
from the compartment, a. 


in Fig. 2 is shown a longitudinal section through 
iS motor as used in connection with the above 
brown-coal producer-gas plants. The admission and 


( et casings are fixed one above the other and are 
readily removed, the admission valve being connected 
io an air slide and a gas valve. All these three parts 
Will open and close simultaneously, thus always disen- 
sasging strictly proportional cross-sections. Regula- 
tion is effected by displacing with the aid of the gov- 
ernor the fulcrum of the lever opening the admission 
As with closed admission valves there is a 
iller interval between the roller serving as fulcrum 
the admission valve, the governor has free play. 
governor lever is loaded and the governor stopped 

during the admission period, i. e., during the 
rth part of a cycle. Conditions have, however, been 
so calculated as to avoid any sliding of the roller on 
lever. This system of regulation results in the 
uunt and condensation of the charge being altered 
1 constant mixture ratio, thus insuring a much 
e satisfactory utilization of the fuel and much 
ller strain on the engine than in the case of the 
em of regulation (with constant condensation), as 
il in connection with both double-cycle and older 
‘s of four-cycle engines. The cylinder is a simple, 
oth pipe, being of remarkable hardness and uni- 
mity and readily exchangeable. The piston is cooled 
water, which is introduced and discharged through 
hollow piston-rod, into which a separation tube has 
n fitted. The stuffing boxes are tightened by cast 
‘S fitted with elastic springs, and are provided with 
er cooling. 
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E CLASSIFICATION AND PECULIARITIES OF 
STEAM TURBINES.* 

\LrHouGnu the information lately published concern- 
steam turbines is voluminous, it is difficult to find 
unbiased general statements concerning all types 

ol such machines. One reason for this is the fact that 

people agree even on such a general subject as the 

Clissification of steam turbines, and in view of the 

diferent views on this topic it is only natural that 

ally diverse opinions should be held concerning de- 
Prof. Storm Bull recently read a paper before 





* Engivecring Record, 


OF A DEUTZ 
an impulse wheel, using the terms commonly employed. 
The early machines were at the extremes of turbine 
possibilities and development has taken place along 
the whole line of types between them, which should be 
classified, Prof. Bull says, according to the manner in 
which the steam acts rather than by their external ap 
pearance or speed. The only essential difference be- 
tween water and steam turbines is that in one the fluid 
is incompressible while in the other it is compressible. 
Unfortunately, turbine water wheels are all really re- 
action wheels, although where all the energy of the 
water is developed as a jet the wheels are commonly 
called impulse wheels. This rather unfortunate use of 
terms has led to the introduction in Germany of new 
names for these classes, velocity and pressure turbines, 
which Prof. Bull advocates for general adoption. In a 
velocity turbine, like the de Laval, the steam expands 
exclusively in passing through the guide wheel or noz 
zle, and no expansion takes place in the turbine wheel 
proper, so the pressure is exactly the same on entering 
the turbine wheel as on leaving it. This is only possi 


ble if the guide and turbine wheels are in separate 
chambers. In the pressure type, like the Parsons tur 
bine, the pressure gradually decreases from one end 


of the machine to the other, and the steam expands in 
the turbine wheels. The classification of steam tur- 
bines is not so simple as that of water turbines for 
another reason, the practicability when using steam 
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of introducing multistage operation, a subject Prof. 
Bull discusses at some length. 
With steam of even fairly moderate pressure, the 


velocity of efflux into vacuum is several thousand feet 
per second. According to both theoretical and practical 
hydraulics, the velocity of rotation of the moving 
blades or buckets should be not far from one-half of 
that of the steam, in order to get the best efficiency. 
For steam of 150 pounds pressure by the gage and a 
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vacuum of 27 inches, the velocity of the steam is not 
far from 4,000 feet per second; consequently, the ve- 
lecity of rotation should be nearly 2,000 feet 
ond. De Laval lets his smaller size turbines run with 
30,000 revolutions per minute, and in that manner ob- 
tains a velocity of rotation which is not too far away 
from what it ought to be For turbines of greater 
power, the maximum capacity being 300 horse-power, 
he found it larger wheel, and the 
limit of the size is determined by the number of revo- 
lutions and the strength of the material of which it is 


per sec- 


necessary to use a 


made. With these larger sizes the number of revolu- 
tions had to be cut down to some 15,000, even though 


they are made of the very strongest nickel steel, and 
the velocity of rotation is only about two-thirds of 
what it ought to be for the very highest efficiency of 
the turbine. It has been found impossible to go higher 
than 300 horse-power, notwithstanding the most care- 
ful study of the problem, and de Laval had to invent 
the flexible and self-adjusting shaft before his turbine 
could become a practical success 

The of the many multiple steam 
turbine, is to get around this difficulty, with respect to 
the high velocity of efflux Instead of chang- 
ing the energy of the steam all at once into kinetic 
energy in a nozzle like that of de Laval, this may be 
done in several steps, the energy corresponding to each 
step being utilized or absorbed by the wheel before the 


purpose stage or 


of steam. 
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next step is reached. If, for instance, there are 50 steps 
—as in many of the Parsons turbines—and the differ- 
ence between the pressure in the boiler and condenser 
be 150 pounds, then the average drop for each step is 
only 3 pounds, and the corresponding velocity of the 
steam comparatively small, However, the impression 
must not be left that in a many stage turbine the pres- 
sure drop is constant for all the wheels. It may be so, 
but ordinarily it is only approximately so, and it is not 
essential to a high efficiency By this method, then, it 
is possible to have a very much smaller velocity of the 
steam, and consequently an equally smaller velocity of 
rotation, so that the troublesome problem of finding a 
material which could withstand the centrifugal force 
generated by the high rotation speed has been gotten 
rid of. 

Returning to the classification of steam turbines, the 
question is whether these many stage turbines are pres- 
sure or velocity turbines. The answer is that there are 
many of both kinds. In a many stage velocity turbine, 
the pressure in the small clearance between the guide 
wheel and the turbine wheel should be the same as be- 
tween this latter and the next following guide wheel, 
und the drop of pressure takes place in the guide wheel 
Practically there will be a very small drop of pressure 
in the turbine wheel, just sufficient to overcome the 
frictional resistance which the steam has to overcome 
in passing through the wheel, even though, as is now 
well established, the drop of pressure does not repre- 
sent a total loss to the turbine; the real loss being only 
the lowering of the energy from the pressure on enter- 
ing the guide wheel, to that in the turbine wheel. The 
best known velocity turbine in the United States is 
Curtis's, in which the steam flows from a series of 
nozzles into the first turbine wheel, from which it flows 
through a guide wheel into a second turbine wheel, the 
pressure remeining nearly constant from the entrance 
to the first until the exit from the second turbine wheel. 
From this latter the steam collects in a small reservoir, 
vnd is then expanded through nozzles and flows 
through a turbine wheel, again through a guide wheel 
t» a second turbine wheel and into a second reservoir, 
und so forth. In this manner there may be three or 
four pressure stages, each one subdivided in two ve- 
locity stages, this latter subdivision serving also to re- 
duce the velocity of rotation, 

The Rateau turbine belongs also to the velocity class 
of turbines, In this there are as many pressure stages 
aus there are turbine wheels, and the space between each 
turbine wheel and the next following guide wheel forms 

reservoir from which the steam flows into the guide 
wheel in passing, which the steam expands and changes 
part of its heat into kinetic energy. That this turbine 
must be a velocity turbine seems evident from the fact 
that the guide wheels are not provided with openings 
all the way around: the turbines being what are called 
“parcial wheels.’ As the steam expands, after pass- 
ing through successive wheels, the number of the open 
ings or buckets in the guide wheels increases until it 
becomes necessary widen these openings ra- 
dially, or to enlarge the wheeis themselves. The im 
portant point here is that the expansion of the steam 
tukes place in the guide wheels, except so far as it is 


to either 


necessary to overcome the resistance in the turbine 
wheels: hence the Rateau turbine is a velocity turbine, 
but of many 

In many 


pressure stages 

stage turbines, the pressure is 
riadually reduced from the moment the steam enters 
the first guide wheel until it enters the condenser. The 
expansion of the steam takes place both in the guide 
and turbine wheels, the velocity of the steam also in- 
creasing, and more rapidly toward the end thar to 
begin with, The most prominent example of the class 
of steam turbines is that of Parsons. Depending on the 
pressure of the steam and of the power of the turbine, 
the number of wheels in a Parsons turbine may be as 
large as 80, although about 60 probably is more nearly 
It is of course quite possible to build a 


pressure 


the average 
Parsons turbine with a very much smaller number of 
such a turbine would be very 

The drop of pressure would 


wheels, and evidently 
much cheaper to build 
then be correspondingly greater 
the velocity of the steam as well as that of rotation, 
und consequently the number of revolutions. If there- 
fore it be desired to design a wheel with a comparable 
necessary to use 


for each wheel, also 


low number of revolutions, it is 
a large number of wheels, and presumably this con- 
sideration has been the leading one at least in 
the choice of the number of wheels in the Parsons 
wheel as it is built. Questions of the strength of ma- 
terials necessarily also enter the problem, and to a cer- 
tain extent also the efficiency of the turbine. With a 
high velocity of the steam, the friction per running 
foot necessarily must be greater than for a low velocity, 
as it is supposed to vary with the square of the ve- 
locity; but at the same time the length of the path 
along which the steam must flow is being reduced by 
increasing the pressure drop, so that the question, 
when the friction is the smallest, is not an easy one 
to solve. 

The various considerations suggested above, explain 
why there is such a great difference in the number of 
wheels in the principal makes of turbine wheels. Prof. 
Bull believes, however, that the difference will grow 
less and less as the years pass by and experience ac- 
cumulates. It must be remembered that the successful 
steam turbine is but very young in years, and that it 
will take a number of years before experimenters and 
designers will agree as to the propositions, and even 
to the main ideas in the design, which will give the 
best results. There is room for a very large amount of 
experimental work of a very intricate nature and on 
a large seale to determine various problems in the 
working of the steam turbine, and until that has been 
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done, ideas will be more or less confused as to the 
actual behavior of the steam in the turbine, and also 
as to the friction of the steam along the vanes, and of 
the friction of the wheels running in steam of various 
pressures. 

Notwithstanding this lack of positive knowledge, it 
is not to be doubted, Prof. Bull says, that the steam 
turbine is still very far from having reached its great- 
est state of perfection, and that it has a brilllant fu- 
ture before it. Not all of the designs have been suc- 
cessful by any means; in fact, quite a few have been 
failures. It lies very near to ask the question: How 
was it possible for the steam turbine, notwithstanding 
the failure of many designs and of the apparent new- 
ness of the idea, to obtain such a marked success? The 
reasons are of various kinds, First of all, the idea was 
really an old one, and more work had been done than 
people in general were aware of. Second, the recipro- 
cating steam engine had apparently reached the high- 
est perfection which it was possible to impart to it— 
so that inventors had to turn their efforts into a new 
channel if they were to expect noteworthy results. It 
is true enough that the efficiency of the reciprocating 
steam engine has been increased considerably during 
the last 15 or 20 years by means of the use of super- 
heated steam; but this gain in economy is shared by 
the steam turbine as well, so that their relative posi- 
tion is not changed because of the use of superheated 
steam. A third reason must be sought in the fact that 
because of its purely rotative motion, it avoids those 
irregularities of motion which are inherent in the re- 
ciprocating steam engine even if it be provided with 
the heaviest flywheel. A fourth reason for the rapid 
introduction of the steam turbine is, no doubt, to be 
found in the fact that it occupies much less space than 
its rival, a very important consideration in large cities 
and on shipboard. A further reason may be found in 
the fact that it can be regulated much more closely 
than the steam engine, this because of the very short 
time—only a very small part of a second—that the 
steam occupies in passing through the steam turbine, 
the corresponding time for the recfprocating engine 
being many times greater. 

It will be noticed that an improvement in economy 
has not been given as one of the reasons for the rapid 
introduction of the steam turbine, and Prof. Bull is of 
the opinion that no such improvement has yet been 
shown. According to the best knowledge possessed, the 
present status seems to be that for the most favorable 
load the reciprocating engine still seems to have a 
slight lead, whereas for a variable load, as is most fre- 
quent in electrical lighting and traction plants, the 
opposite is probably the case. Prof. Bull holds that it 
is, however, almost impossible to express a definite opin- 
ion in this respect, as a large part of the material 
upon which such an opinion must be based, is furnished 
by the manufacturers of the turbines themselves, and 
which consequently cannot be taken as the very best 
kind of evidence. It is true that lately this kind of 
material has been furnished more and more by impar- 
tial observers, so that a comparison with the recipro- 
cating steam engine, for which such a large amount of 
incontrovertible material is available, has become very 
much easier. 

The reasons for the gain in economy, due to the use 
of superheated steam in reciprocating engines and tur- 
bines, are very far fromm being the same, and an an- 
alysis of these will help to furnish an estimate of what 
can be expected ultimately in this direction from the 
steam turbine. In the case of the reciprocating steam 
engine, the gain is due to the reduction of the cylinder 
condensation, which is due to the difference of the tem- 
perature of the saturated steam and of that of the cy- 
linder walls and head, which condensation is greatly 
intensified by the moisture in the steam adhering to the 
metallic surfaces. Consequently the gain is not alone 
due to the fact that the superheated steam is capable 
of giving up a certain amount of heat without being 
condensed, but also—and in most cases to a greater 
extent—because very much less heat is transmitted 
from the superheated steam to the cylinder than if 
there has been saturated steam tor the same difference 
of temperature. 

In the case of the steam turbine this difference of 
temperature is necessarily very much smaller, as no 
exhaust steam touches the parts which come in contact 
with the steam on its way through the turbine. On 
the contrary, if the barrel of the steam turbine is 
well protected the temperature of the inside of this 
barrel can be but very little different from that of 
the steam at that particular place, hence the con- 
densation due to this cause is certainly small com- 
pared with that in the reciprocating engine. Be- 
cause of the absence of moisture on the cooler sur- 
faces touched by the steam, this condensation will be 
reduced in the same ratio as for the reciprocating en- 
gine, but the difference of temperature being so small, 
this gain, because of the absence of moisture, can only 
be insignificant. However, even in the ideal case of an 
adiabatic expansion, condensation is inevitable if sat- 
urated steam be used, and such condensation will be 
prevented if the steam be sufficiently superheated so 
that its temperature may be lowered without its becom- 
ing saturated. In this respect the steam turbine and 
the reciprocating steam engine are on the same level as 
to the possible gain due to the use of superheated steam. 
So far, the analysis has unmistakably shown that the 
last named motor has the advantage; but there is an 
additional reason for the gain in economy by the steam 
turbine, and that is in the reduced friction which the 
superheated steam encounters on its way through the 
turbine as compared with the saturated steam. This 
friction is entirely negligible in the case of the reci- 
procating steam engine, but because of the very high 
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velocities utilized in the steam turbine it is a very 
important factor in its economy. This friction is not 
alone due to the motion of the steam through the var- 
ious wheels of the turbine, but also to the rapid revo- 
lution of the wheels in this steam. How much the 
friction amounts to it is at present impossible to say, 
although some experimental work has been done in this 
direction, notably by Dr. A. Stodola, of Zurich, Swit- 
zerland; but it amounts to a good deal, and there is no 
question but that it is very much smaller for super- 
heated steam than for saturated. 

The use of superheated steam for the reciprocating 
engine has been accompanied by all kinds of difficulties 
because of the troubles of lubrication and the expansion 
of the cylinder due to the high temperature. Although 
these difficulties have been overcome to a very large 
extent, yet ordinary practice has limited the superheat 
to within reasonable limits because of these reasons 
In the case of the steam turbine these difficulties do not 
exist, so far as lubrication is concerned, and but to a 
very much smaller extent with reference to the ex 
pansion of the metal. It is therefore possible to use 
a very much higher degree of superheat for the steam 
turbine than for the reciprocating steam engine with 
out bad effects, and this in itself is an advantage. 

Thermodynamics and experience both show that i! 
condensation can be prevented, the efficiency is a func 
tion of the differences of temperature between that o! 
the entering steam and that of the condenser. Theoret 
ically it should be proportional to this difference, bu 
for actual engines it does not increase so rapidly a 
this would indicate, and there is probably a limit fo: 
the higher temperature beyond which the increas: 
would be so small that it would not pay to go, even it 
circumstances are otherwise favorable. But this limi’ 
has certainly not been reached yet, Prof. Bull says 
and consequently there should be a decided gain fo) 
the economy of the steam turbine in the use of mor¢ 
highly superheated steam than has been used so far 
or which can be used for the reciprocating engines 
Tests of turbines using superheated steam show a gain 
in economy of about 1 per cent for every 8 or 9 degree: 
of superheat. 

A steam turbine can, of course, be run non-con 
densing, and its efficiency, if designed for this purpose 
is probably as good as that of the non-condensing en 
gine. But it is a fact established by a large numbe: 
of tests that it is very much more important to have : 
good vacuum for a steam turbine than for a recipro 
cating engine, because the gain in economy is very 
much greater. It is therefore not unusual to hear of 
28-inch vacuum for a steam turbine, and such high 
vacuum has only become possible by the introduction 
of improved condensers and air pumps, which owe 
their origin to the demands of the designers of the 
steam turbines. Why the gain in economy, because of 
a high vacuum, should be so much higher for the 
steam turbine than for the crdinary steam engine, is a 
question which has troubled a great many persons 
The answer is, however, quite simple. Because of 
the increased condensation, it has been found unpro 
fiiable to extend the expansion down to the back pres 
sure line in the steam engine, so that the steam, when 
exhausted, possesses a considerable amount of energy 
over and above that at the pressure of the condenser 
which energy consequently is lost. In the turbine this 
is entirely different, as the condensation is so smal! 
that it does not need to be taken into consideration 
and the energy of the steam is changed into a kinetic 
form, and which, in amount, is proportional to the 
difference in pressure between that of admission ani 
of condenser. This energy can be utilized, except fo 
friction losses, down to a certain minimum, corre 
sponding to the necessary velocity of the steam when 
it leaves the last wheel, and which is the san 
whether the vacuum is high or low. Although, there 
fore, there is gain in economy for the steam engine b) 
increastng the vacuum, yet it cannot be so great as fo! 
the steam turbine, because the losses of condensation 
increase so much more rapidly than in the case of th: 
turbine. Prof. Bull points out that too much money 
may be paid for condensing apparatus, water and run 
ning expenses in order to get an exceptionally goo: 
vacuum; the extra expense may more than outweigh 
the gain in steam consumption. 

It is interesting to note in this connection the su 
cess achieved by Rateau in utilizing the exhaust steam 
from a steam hoisting engine at a mine for driving « 
low pressure steam turbine. As the hoisting engin: 
was only running intermittingly, he inserted what h+ 
calls a steam accumulator—a mass of iron which al 
sorbs heat during the time when there is an excess 0 
exhaust steam, and gives it off by evaporating wate) 
when there is a deficiency, in this manner enabliu 
the turbine to run continuously. An intermitting! 
running engine like the hoisting engine can hard! 
be run condensing, because it takes too long a tiny 
to produce the vacuum. But a steam turbine wit! 
the accumulator can utilize the exhaust steam with 
comparatively high efficiency, as is fully shown by th: 
tests of such turbines in operation. In one test wi'! 
a pressure of 14.71 pounds absolute the consumptio: 
of steam per electrical horse-power per hour was onl 
39.97 pounds per hour, and for a pressure of 9.57 
pounds absolute it was 42.78 pounds. 








A correspondent very kindly calls our attention to 
the fact that extracts made according to the vanill 
formule published in last week’s SuppreMENT shoul! 
be carefully marked “compound” or “artificial.” ete., in 
the different States of the Union. If they are not so 
marked when sold, a fine varying from $50 to $100 may 
be incurred, 
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PAGE-PRINTING TELEGRAPHS.* 
By DonaLtp Murray, M.A. 

From the dawn of electric telegraphy, inventors 
have been at work filling the patent records with print- 
ing telegraph schemes, some brilliant, some stupid, 
and nearly all useless. Out of several hundreds of 
printing telegraphs invented prior to the beginning 
of the 20th century, only the Hughes and the Baudot 
vnd the stock-tickers achieved any real success. With 
the stock-tickers the problem to be solved was com- 
paratively easy. They were only required to work 
ver distances of a few miles. High speed was de- 
irable, but not absolutely necessary. One man, by 
laying on a keyboard, could transmit messages to a 
onsiderable number of subscribers, and there was no 
ecessity to deliver the messages, no need to count 
he number of words in each message, to sign and time 
he messages, or to cut up the tape and paste it on 
elegraph blanks, no need to keep copies of the mes- 
iges for record, or to put them in envelopes and ad- 
ress the envelopes and send them out by messengers. 
he conditions were of the simplest character, and 
he consequence has been that the stock-tickers long 
zo reached their full development. As for the 
fughes, of which about 3,000 are in use on the con- 
nent of Europe, it may be best described as a glori- 
ed stock-ticker for working over comparatively long 
istances. It prints on a tape and the speed is lim- 
ed by the manual dexterity of the operator at the 
eyboard. The gain compared with the Morse key is 
uall. The Baudot printing telegraph, which is large- 

used in France, and which connects Paris with 

arly all the European capitals, may be described as 
multiplied Hughes, as it is equivalent to four and 
en six Hughes instruments working over a single 
ire. It is exceedingly ingenious, highly practical, 

d gives admirable service within its limitations; but 

is not a fully-developed printing telegraph system, 

cause it is not provided with a typewriter keyboard 

r transmitting, and it does not print the messages 

page form. It prints on a tape, and it does not 

ve labor to an appreciable extent compared with 

e Morse key. Its great virtue is that it saves wires. 

fact, in France and some neighboring countries it 

iy be said to have met the want that has been sup- 
ied in Anglo-Saxon countries by the Morse quadru- 
ex. The Morse quadruplex and the Baudot might 
described as the second stage in the development 
the modern telegraph. The third and final stage 
completely developed machine telegraphy has only 
en reached during the past five years. Within this 
ief period there has arisen the Pollak-Virag, Buck- 
gham, Rowland, Murray, and the Siemens & Halske 

:h-speed telegraph what im- 

ilse has produced them it is difficult to say. Their 
eception by the telegraph administrations has not 
wen enthusiastic. The British Post Office tried and 
rejected the Buckingham and the Rowland systems, 
nd it took three years to make up its mind to use 
ie Murray system. Other administrations and _ tele- 

aph companies have also moving very cau- 
ously in the matter. The reason lies in the com- 
ercial aspect of the question, and as practically noth- 

x is known about this side of the subject outside a 
uall circle of telegraph engineers and post-office offi- 

ils, it is proposed to say a few words in this article 

out the printing telegraph problem from the com- 
ercial point of view. There are two money-saving 
sibilities for a printing telegraph system. It may 
crease the carrying capacity of the telegraph lines, 

il it may increase the output of the telegraph op- 
itors. That is to say, a printing telegraph may save 
legraph wires, and it may save labor. In new coun- 
ies, and especially big new countries like Russia, 
\merica, South Africa, and Australia, the saving of 

re is the most important consideration. In fact, a 

egraph line 1,000 to 2,000 miles long is so expensive 
hat it pays to waste labor at each end if the carrying 
upacity of the line can be increased It is for this 
eason that the Wheatstone automatic system, which 

very wasteful of labor, is being increasingly em 


systems. Precisely 


been 


loyed on very long tines in Russia, South Africa, 
India, and other countries. Such lines present in- 


iperable difficulties to any ordinary printing tele- 
raph, and the Murray system is the first that has 
ossessed even the potentiality of working over such 
iistances with any degree of satisfaction. These new 
ountries also form a very unfavorable environment 


or printing telegraphs, Printing telegraphs require a 


high degree of fine mechanical skill for their construc- 


kind does not 
recently that 


ion and maintenance. Skill of that 
‘ist in new countries, and it is only 
ne or two printing telegraphs have reached the stage 

which it pays telegraph administrations in these 
ew countries to import and cultivate such skill. These 
ig new countries are essentially rough and ready, 
nd for the rough-and-ready stage of civilization noth- 
ug can beat the Morse key and sounder. Even the 
nited States is only now emerging from this rough- 
nd-ready stage of national existence, at any rate so 
ir as telegraphy is concerned, and it is the opinion 
of those who are in a position to judge, that there 
will be a great development of printing telegraphy in 
he United States within the next ten years. The con- 
litions are at last ripe for the change. Saving of 
vire owing to the great distances in America is im- 
ortant, and saving of labor owing to the high wages 
s a factor not to be neglected. 

In the old and densely populated European coun- 
ries, the commercial conditions affecting printing 
elegraphs are different. In countries like England, 
rance, and Germany, the bulk of the telegraph traffic 
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is confined within each country, the maximum dis- 
tances instead of 2,000 or 3,000 miles are not more 
than about 500 miles, and the population instead of 
being scattered is very dense. These are ideal condi- 
tions for the use of the telephone, and the telephone 
service in Europe has grown immensely during the 
last few years. The telegraph service has suffered 
correspondingly. For several years past the number 
of telegrams transmitted per annum in European 
countries has been either decreasing or stationary or 
increasing very slowly. Even in America telephone 
competition has had a marked effect on telegraph 
traffic. But in America the great distances and the 
rapid growth of population still make the increase of 
the carrying capacity of the wire, that is to say, the 
saving of telegraph wires, an important commer- 
cial factor. In Europe, on the other hand, the print- 
ing telegraph inventor soon finds that the telegraph 
administrations are indifferent about line saving. 
They have as many, in fact, in some cases, more, 
wires than they require at present, and their one in 
sistent demand is for a printing telegraph system that 
will save labor. This is particularly the case in Eng 
land, where considerations of public policy have com- 
pelled the laying of underground cables, thereby in 
creasing the superfluity of telegraph wires. The 
French Post Office more than twenty-five years ago 
took up the Baudot system and developed it until it 
was capable of transmitting six messages simultan- 
eously over one wire 550 miles long from Paris to 
Marseilles. The resul’ has been a saving of expendi- 
ture on telegraph wi:@S many times outweighing the 
expenditure on the Baudot system. It is true that in 
English-speaking countries the Morse quadruplex has 
effected a similar saving, but not to anything like the 
Same extent. The Baudot system, however, does not 
save labor to any noticeable amount, and some very 
interesting attempts have been made recently to con- 
vert it into a labor saving as well as a line saving sys- 
tem. 

Summing up the subject in a general way, we may 
say that in the big new countries, the commercial con- 
ditions are rather inclement from a printing telegraph 
point of view, and that in the old European countries 
the growth of the telephone has reduced printing tele- 
graphy to a question of saving labor. This question 
of saving labor by means of printing telegraphy is a 
very curious problem and far more intricate than is 
generally realized even by telegraph men A few of 
the difficulties may be briefly explained, and for this 
purpose we must first distinguish between press and 
Press messages are long, and 
They can be 
favorable 





commercial 
generally go to a number of centers 
handled in bulk under conditions specially 
machine telegraphy. In fact, it 


messages 


for saving labor by 
is certain that within a few vears press messages will 
be handled almost entirely by automatic machinery 
With commercial messages, on the other hand, it is a 
physical impossibility to effect any great saving of 
labor by machine telegraphy compared with the sim 
ple Morse key and sounder. The messages are short, 
only about twenty words each, and there is no long 
straight-ahead run of work. It is like a train stopping 
at every little wayside station. At every twenty words 
the operator has to stop to sign and time the message, 
lay it aside, and start on another. At the receiving 
station, if it is a tape printing telegraph, the attendant 
has to cut up the printed tape and paste it on tele- 
graph forms, and he must sign and time the messages 
and check the number of words. If it is a page-print- 
ing telegraph, then at the end of every twenty words 
a fresh telegraph form has to be fed in from a roll, 
and time must be allowed for the typewriter carriage 
(or its equivalent) to return to the beginning of each 
new line. These operations only occupy one or two 
seconds each, but when they have to be repeated every 
twenty words the aggregate loss of time is astonish 
ing. If to these small delays we add the losses of 
time caused by mistakes, corrections, repetitions, and 
line disturbances, to say 
downs of the printing machinery and stoppages for 
vdjustment of telegraph instruments, and last, but 
not least, the fact that the dear public does not send 
its telegrams in a nice continuous stream, but in 
gushes, and in a great rush during the three or four 
hours round about midday, it will be realized that 
the path of the printing telegraph inventor who as- 
pires to save labor on the handling of commercial 
telegrams is distinctly precipitous, The amount of 
work that must always be performed by the human 
being in connection with commercial telegrams is 
large in proportion to the amount of work that can be 
machine So far the Murray auto- 
results both from a 


nothing of occasional break 


performed by a 
matic system has given the best 
labor saving and from a wire saving point of view 
and in its improved form it is estimated that it saves 
about 25 per cent in labor compared with the Morse 
key, and that it can do as much work on one duplex 
wire as the Morse key and sounder on two quadruplex 
wires, Obviously this labor saving is very small com 
pared with labor saving machines in other lines of 
human endeavor, which in enable one 
man to do the work of thirty or even more. 

Under these circumstances it is not surprising that 
telegraph administrations have been moving in a rath- 
er leisurely way so far as printing telegraphy is con- 
cerned. Nor are these the only difficulties the print- 
ing telegraph inventor has to face Assuming that 
his printing telegraph system works well and gives 
satisfaction from a mechanical point of view (a very 
big assumption) and shows some saving of labor, even 
under the foregoing conditions, he has still to fit his 
unfortunate system, not merely into one bed of Pro- 
crustes, but into half a dozen of them, every one dif- 


some cases 
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fering in length. A few words about the writer's own 
experience in this respect will make the matter clear. 
There are two classes of commercial telegrams, known 
in England as S and X messages. The former go 
direct from one town to another, say from Liverpool! 
to London, and are delivered there. The other class 
of messages go, let us say, from Liverpool through 
London to Paris. In London these X messages have 
to be written out as they are received from Liverpool, 
and then sent on to another circuit for transmission 
to Paris. These two classes of messages exist in all 
countries, and most telegraph administrations have 
two different telegraph forms to distinguish them 
Also it is necessary for a telegraph administra- 
tion to keep a copy of all messages delivered, that is 
to say, all S messages. But the X messages for fur- 
ther transmission, do not require to be copied. In 
England, carbon copies are made of S messages. On 
the Continent a note is made of the preambles and 
the address. A printing telegraph cannot distinguish 
between S and X messages, and in any case making 
carbon copies of short twenty-word messages on a 
typewriter wastes so much time that it is out of the 
question. Also it is not possible to have two different 
telegraph forms, one for X and the other for S mes- 
sages. That means that a special telegraph form has 
to be prepared for the page printing telegraph, and 
great telegraph administrations are very reluctant to 
change their telegraph forms for the convenience of 
a new and untried invention It marked a distinct 
stage in the advance of the Murray system when the 
British and the German telegraph administrations de- 
cided to make up special telegraph forms for use with 
this apparatus. As for preserving copies of S mes- 
sages, that difficulty was experienced in the United 
States when typewriters were first introduced into the 
telegraph service, and it was found that the only prac- 
tical solution was to take wet press copies, the tele- 
grams and the damp copying paper being 
through between a pair of power-driven rollers. The 
use of typewriters in telegraph offices is now prac- 
tically universal in the United States, and the press 
copying of all requirements For 
some reason that quite clear, European tele 
graph administrations seem reluctant to adopt this 
plan, and up to the present the preambles and the 
address of S messages have been noted by hand at the 
rate of about 15 words a minute, an anti-climax when 
it is remembered that the messages are typewritten 
by the Murray printer at the rate of 120 words a 
minute. Press copying, however, will no doubt be 
adopted as soon as page-printing telegraphs come into 
more general use in Europe. Another trouble is that 
for the sake of security figures have to be repeated 
This is not always done with the Hughes, but with 
new telegraph systems until they have been proved 
to be reliable it is a necessity, and the repetition of 
figures in short 20-word messages obviousl) 
the speed and the possible labor saving. A small but 
unexpected difficulty was encountered in England ow- 
ing to the shilling stroke and fraction bar in a type 
writer being identical. For instance 7/S may be read 
seven-eizhths or seven shillings and eightpence In 
one or two merchants have suffered loss 
through this ambiguity It is not aifficult to provide 
a printing telegraph with the fractions up to and in 
cluding Sths, thus 7, but the ambiguity is confined to 
England, and for international traffic the International 
Telegraph Convention has specified a list of characters 
which do not include these fractions. 

Space will not permit of reference to difficulties con 
with the actual handling of telegraph traffic 


passed 


telegrams meets 


is not 


reduces 


instances 


nected 


when printing telegraphs are used These are not 
formidable, but they involve a certain amount of 
change of routine, and routine is a hard thing to 


change when it is established on a large scale In 
England no attempt is made to preserve any record 
of the messages as transmitted In Germany, on the 
other hand, what is known as a “home record” is in 
sisted upon In the Murray system the 
transmitting tape is utilized as the “home record,” and 
this tape, in Germany, is carefully wound up into rolls 


perforated 


after use for future reference in case of mistake. The 
perforated tape is also wound up and pre 
This is necessary, because 


received 
served in the same way 
the German law makes the individual telegraph oper 
ator—and not the government—directly responsible 
to the outside public for loss caused by mistakes. The 
damages fo 
these cil 


unfortunate operators can be sued for 
mistakes in telegrams. Naturally, under 
cumstances, the German operators go slowly and cure 
fully. In Austria, on the other hand, the operators 
are paid a percentage on the number of messages the) 
transmit, and they go at a reckless speed. Obviously 
such conditions are not only diverse, but also adverse 
from a printing telegraph point of view. Automatic 
tape winders are used in America, but they are hardl) 
suitable for German requirements, and the work is at 
present done by hand, with a further diminution in 
the possible labor-saving 

One of the most singular difficulties to be faced by 
a page-printing telegraph on the continent of Europe 
is the fact that telegrams are not delivered in en 
velopes. They are folded up so that the address only 
is visible on the outside and then sealed with a stamp. 
For this purpose the address has to be inserted in a 
special position at the top of the telegraph form. In 
France it has to go on the back of the telegraph form. 
With the Hughes and Baudot tape-printing telegraphs 
this presents no difficulty, as the address can be pasted 
on anywhere. The saving of labor in a page-printing 
telegraph, compared with a_ tape-printing telegraph, 
in which the tape has to be cut up and pasted on 


telegraph ‘forms, is considerable, but there is also 
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a considerable saving of labor in not using enve- 
lopes. There are no envelopes to be addressed and 
there is no possibility of making a mistake in the 
address. An ordinary page-printing telegraph cannot 
automatically start printing a telegraph message and 
then turn back and insert the address at the top of 
the message, and then turn down and print the text 
and signature. With a Murray printer, printing from 
a perforated tape, this is possible if an attendant, who 
must be present in any case, intervenes to shift the 
telegraph form in the typewriter carriage at the right 
moment. An automatic paper-carriage return for 
turning to new lines was found to be essential in Eng- 
‘and to save time, much time being lost in running the 
typewriter carriage back by hand. In Germany, how- 
ever, this automatic device could not be used owing to 
the necessity for turning back to insert the address. In 
france even this cannot be done, as the address goes on 
the back of the form, and page printing telegraphs can- 
not be used at all unless the French telegraph adminis- 
iration makes a complete change in its telegraph forms 
and present arrangements 

In Russia there is a difficulty more formidable than 
iny of these so far mentioned A printing telegraph 
sor use in Russia must be able to transmit and print 
tussian or Roman letters at will. Physical limitations 
render it exceedingly difficult to provide more than fifty 
or sixty characters in a printing telegraph. The Rus- 
sian alphabet has thirty-four letters (omitting two not 
used), ten numerals have to be provided for, and at 
least seven or eight other signs, and in addition also 
twenty-six Roman letters. In the case of four sets of 
Murray apparatus being made for the Russian Post Of- 
fice, the difficulty is being got over by having two separ- 
ate printers at each receiving station, one for Russian 
characters and the other for Roman characters. An 
international message in Roman characters will be 
received as perforated tape with a special signal pre- 
fixed. This tape will be run through the Roman type 
printer. Tape perforated with messages in Russian 
characters will be run through the Russian type 
printer, 

This is only a very brief outline of some of the main 
practical difficulties that beset the introduction of a 
printing telegraph into service into Great Britain, 
Germany, and Russia. The printing telegraph that 
will adapt itself to the requirements of all countries 
will be a miracle indeed, and the opinion of the writer 
is that printing telegraphy is a good thing to keep 
out of. No one will ever become a millionaire by in- 
venting a printing telegraph or even half a dozen 
printing telegraphs. On the contrary, as a means of 
spending money, it beats horse racing, and it is quite 
as exciting 
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THE PRINCIPLES OF SOARING FLIGHT. 
To the Editor of the Scienriric AMERICAN SUPPLEMENT: 
| wisu to submit an explanation of what has been 
called by leading authorities one of the greatest para- 
doxes in nature, a physical miracle, and so on—soar- 
ing flight; an explanation which will clear up a great 
many remarkable statements. 

It is purely mechanical, and establishes a sort of 
philosophy of the relation between the weights of birds, 
their wing areas, and soaring ability. A table* of 
weights and wing areas of birds shows that the heavier 
the bird per square foot of wing surface, the easier it 
can soar; it also shows that soaring birds are roughly 
from 25 to 75 times heavier than flying birds. I em- 
phasize here the large size and weight of soaring birds, 
not so much because of the gravity of the body (as has 
been done before), but because of the great amount of 
energy which can be stored in that body by reason of 
its mass. To illustrate this: A great amount of en- 
ergy can be stored in a cannon ball; but how much can 
be stored ‘in a wad of cotton? 

Mechanical law states that this energy increases as 
the square of the velocity, and is equal to the product 
of the weight in pounds and the square of the velocity 

WwW V* 
in feet per second, divided by 2 times 32.16 (———-). 

64.22 
From this formula the horse-power required to sustain 
and propel a soaring bird against the wind can actually 
be determined, as is shown later on. 

Birds may be considered as divided into three classes 






/- 


Fig I. 


as follows: Birds which fly (sparrow); birds which 
fly and soar (turkey buzzard); and soaring birds (al- 
batros and condor). They use three kinds of energy 
in flight as follows: Muscular energy; energy due to 
their height and weight; and energy due to the ve- 
locity and weight. It follows that there are three kinds 
of flight, flying, gliding (sailing), and soaring; sour- 
ing being distinct from either, while utilizing the prin- 
ciple of gliding 

Ii has been noted by most observers that the weight 
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in some way is an index to ability to soar; that soar- 
ing birds only frequent windy regions; that they ap- 
pear to be always gliding in circles or curves and when 
so doing they can ascend and even travel against the 
wind; and the observers are absolutely sure that there 
is no movement of either the bird or its wings, except 
a slight swaying or rocking movement which is sup- 
posed to be due to the efforts of the bird to balance 
itself. I hold that the bird is inherently self-balanced 
and requires no such effort. These forward and lateral 
motions are essential, however, for reasons which are 
apparent farther on, 





It seems not to have been anticipated that the cir- 
cling movement is the key to the whole problem. I 
will now proceed to demonstrate how the bird actually 
soars in a horizontal wind (which soaring requires 
censiderable energy) without expending any of its own 
energy (muscular), except enough to steer its course. 

Beginning with the simplest mechanical analogy we 
have in Fig. 1 a light anemometer with six paper cups 
(insect class, all wings, no weight). The cups revolve 
around the shaft, A, and the direction of the wind is 
indicated by the arrow. It is plain that this machine 
will be influenced by every puff of wind, and.that more 
energy is put into the cups on the lower side than is 
used on the upper side. This energy is of considerable 
amount, since windmills have been built on this prin- 
ciple. Now consider for the sake of Simplicity that 
the wind is steady in the direction of the arrow, The 
rotation will be practically uniform. 

In the next step (Fig. 2), to get anything like uni- 
form rotation there must be some weight (sparrow 
class, some weight, mostiy wings), or. they will stop 
as indicated by the dotted lines. This weight is indi- 
cated by the straight length of the cup. But since a 
bird can .only be represented: by one cup, we have a 
state of affairs illustrated in Fig. 3, where we get our 
first soaring principle. Beginning with the-cup at A, 





and supposing it to be as light as in Fig. 2 and just 
starting, before it reaches B it is going as fast as the 
wind, and when it reaches (, it has only enough energy 
“stored up” to carry it to D, where it stops. With the 
weight shown in Fig. 3 (buzzard class), the cup stores 
energy from A to ( (where it reaches its highest 
speed); it then uses this stored energy to carry it to 
A again. As the wind increases more energy is stored 
in the cup at C than is necessary to carry it to A. This 
energy in the bird can be used to further advance 
against the wind or to ascend. In Fig. 4 the cup is 
mounted on wheels and runs on a track, the weight 
being further increased (soaring bird class), and the 
circle much larger. The car can now store more en- 
ergy in going from A to B and uses this energy to 
carry it to A again, overcoming the mechanical fric- 
tion as well as the wind. Note the function of the 
end curves of the track to steer the car. 

We come now to the soaring bird itself. In Fig. 5 
is a curve representing a fore-and-aft vertical section 
through the body of the wing. At a the resistance to 
« head-on wind is quite small, while the lifting effect 
is considerable, and at b the resistance to a rear wind 





can be quite large (depending on the inclination), 
while the lifting effect is also present. 

Fig. 6 represents the soaring bird and its course in 
plan and elevation. Beginning with the bird just mov- 
ing at A, the wings are inclined upward (from the for- 
ward edge) and a vertical lift and relatively small 
horizontal push are obtained from the wind. Since the 
bird is heavy considerable time elapses before its ve- 
locity is equal to that of the wind. It has now reached 
BP and is at rest with regard to the wind. It seems 
that the easiest way to steer into the wind is by glid- 
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ing from B to C, thereby going faster than the wind, 
and turning sideways. The wind is therefore in the 
direction with relation to the bird, as indicated by the 
light arrow, when at C. At D it is going at its highest 
speed against the wind, the wings being slightly in 
clined downward, and the flight is continued to EF on 
the stored-up energy. It is assumed that the size of 
the circle is such as to exhaust all this energy by the 
time the bird reaches EZ. 

Suppose that the bird when at D is going at the 
rate of 20 miles per hour or about 29 feet per second, 
and weighs 15 pounds. Its kinetic energy is therefore 
15 X 29° 

= 196 foot-pounds. If the bird travels a level 

64.32 

course to £ in say 20 seconds, it expends this energy 
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Fig. 5. 


at the average rate of 0.053 horse-power to sustain and 
propel itself against an average wind of 30 miles ver 
hour (20-mile wind). If a sailing machine could be 
built equaling this efficiency, it would require only one 
actual delivered horse-power to sustain and propel 28% 
pounds at a speed (with relation to the wind) of 30 
miles per hour. 

This result is but 25 per cent greater than the mus- 
cular horse-power, as figured by F. A. Lucas, and as 
the time of 20 seconds is assumed it may not be cor- 
rect. It would seem, however, that it is nearly so since 
Prof. Langley has supported 200 pounds per horse- 
power with what I infer to be a straight plane. 

Returning to the course of the bird again, the bird 
may turn out of the circle at either end and follow a 
yavelike course as in Fig. 7. When this is combined 
with the gliding of the bird, the resulting course may 
bear little resemblance to a circle, and still the bird 
will be getting its power from the wind in the same 
manner. 

In conclusion | may say that there really seems to 
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be no good reason why man could not make a “soaring 
machine” if that is desirable. 
Howarp H. WIXoN. 
3514 South California Avenue, Chicago, III. 


THREE KINDS OF HEADACHES. 

A PHYSICIAN writes: “There are three main causes 
of headache, and the first of these has to do with the 
nervous system. A headache is, everybody will ac- 
knowledge, a very natural result of nerve strain. In 
the hurry and bustle and strain and stress of life to- 
day our poor nervous systems have no chance, no mo- 
ment of rest and inaction from the time we arise in 
the morning till we go to bed at night. The pursuit 
of pleasure, the scurrying ceaselessly from one place 
to another in search of amusement, the fact that a cer- 
tain class of people find life a bore unless they are in 
a whirl of excitement, will often account for the fash- 
ionable headache, the headache of the ‘overworked’ 
society woman. Work, properly so called, will never 
produce a headache; it is one of the best preventives 
of headache. Anxiety and incessant worry over trifles 
will certainly cause the headache of overstrain, as any 
harassed, anxious and ‘worrit’ household head of a 
large family will testify to. The headache of anemia, 
common enough among young girls of low vitality, is 
due to a nervous system ill-nourished, with impover- 
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Fig 7. 


ished blood. Many obscure neuralgias have thus a 
very simple explanation. 

“The second great cause of headache is eye strain. 
Many a man who is suffering from eye strain assures 
his doctor that his eyes are certainly not at fault, as he 
has ‘splendid sight.’ It is not his nerves of sight 
which are affected, but the nerve and minute muscle 
of accommodation which he is constantly and uncon- 
sciously fatiguing in order to make his sight as good 
as he believes it to be. The error is in the shape of 
the eye, which requires continual muscular strain to 
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rectify, and proper glasses would immediately remove 
the need for this continual strain. This form of head- 
ache follows close eye work, such as reading, writing, 
or sewing. It is worse at night, and is practically ab- 
sent in the morning, differing from other forms of 
headache. It may be taken for granted that headache 
present in the morning is not due entirely, if at all, to 
eye strain. All sufferers from headache should have 
iheir eyes examined by an oculist. 

“A very large number of headaches come under the 
third category—namely, headaches due to poisons in 
the blood. The ‘throbbing headache’ is often caused 
by what medical men call over blood pressure or too 
high blood pressure, due to impurities or toxins cir- 
culating in the blood. They generally arise from dis- 
orders of digestion in the stomach and bowels from im- 
vroper diet, the overeating of meat and rich dishes, 
mperfect mastication, foul teeth, and lack of exercise. 
telief will not be permanent so long as new toxins 
ire being produced—that is, so long as we persist in 
vereating rich dishes and neglecting the rules of 
ealth.”"—The Chicago News. 





HEAT.* 


Heat is the manifestation of an extremely rapid 
ibratory motion of the molecules of a body. An in- 
rease in the velocity and amplitude of the vibrations 
icreases the temperature of the body. A heated mass 
n impart vibratory motion to the ether which fills 
pace and permeates all bodies, and these wave mo- 
ms of the ether are able to reproduce in bodies mo- 
ns similar to those by which they were caused. 

The more obvious effects of heat are expansion, 

sion, and vaporization. All bodies increase in vol- 

ne when heated, gases being the most expansible, 
juids next, and solids the least. Heat may partially 
wholly balance molecular attraction. Hence it is 
at, when heated, solids first expand, then (if no 
emical action occurs) soften and become liquid, and 
ially vaporize. Liquids are changed into vapors, and 
ses are rarefied. 

EXPANSION. 

Expansion takes place in all directions. To render 

1is phenomenon apparent, an elongated and attenu- 

ed body, such, for example, as a fine wire, is chosen 

id its linear expansion only is noted. Fig. 1 shows 
n instrument for exhibiting the linear expansion of 

long thin wire, 1 and 2 being respectively front and 

de views. The instrument is provided with two 
ries of hard-rubber pulleys mounted on studs pro- 
ting from a board. A fine brass wire (No. 32) at- 

‘hed to the board at one end passes around the suc- 

ssive pulleys of the upper and lower series in alter- 
nation, the last end being connected with one end of 

spiral spring, which is strong enough to keep the 

ire taut without stretching it. The other end of the 
pring is attached to a stud projecting from the board. 
The pulleys are of different diameters, so that each 
eries forms a cone. By this construction the wire of 
one convolution is prevented from covering the wire 
of the next. 

The last pulley of the upper series is provided with 

boss, to which is attached a counterbalanced index. 
\ curved scale is supported behind the index by posts 
rojecting from the board. 

The series of pulleys are 12 inches apart, and there 
ire ten convolutions of wire, so that a small change of 
iemperature produces sufficient expansion of the wire 
o cause a perceptible movement of the index. To 
increase the sensitiveness of the instrument, the wire 
is blackened by means of smoke or dead black varnish. 
\n electric current passing through the wire heats it 
ufficiently to cause a deflection of the index, the 
1mount of deflection depending, of course, upon the 
trength of the current. 

Fig. 2 shows a simple thermostat which is capable 





Fie. 1.—METALLIC THERMOMETER. 


f many useful applications. It is represented with 
‘n index and scale, but these are not essential for 
10st purposes. 

The instrument depends for its operation on the dif- 
erence between the expansion of brass and steel. The 
inear expansion of brass is nearly double that of steel, 
0 that when a curved bar of brass is confined at the 
ends by a straight bar of steel, the brass bar will elon- 








* From “ Experimental Science,” by George M. Hopkins, Munn & Co,, 
publishers New York 
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gate more than the steel bar when both are heated, 
and will in consequence become more convex. 

At Fig. 2 are shown two bars, the straight one being 
of steel, the curved one of brass. The steel bar is slit 
for a short distance in two places at each end, and the 
ears thus formed are bent in opposite directions to 
form abutments for the ends of the curved brass bars, 
two brass bars being held by a single steel bar, thus 
forming a compound bar, as shown at No. 3. Each 
compound bar is drilled through at the center. Ten or 
more such compound bars are strung together loosely 
upon a rod, which is secured to a fixed support. A 
stirrup formed of two rods and two cross pieces rests 
upon the upper compound bar and passes upward 
through the support. Above the support it is con- 
nected by a link with a sector lever which engages a 
pinion on the pivot of the index. The use to which 
the thermostat is to be applied will determine its size 
and construction. It may be used in connection with 
kilns and ovens and for operating dampers, valves, 
and electric switches. 





THE CHRONOMETRIC SPHYGMOGRAPH. 
By EMILe GUARINI. 
THE chronometric sphygmograph recently devised by 
Dr. A. Jaquet and constructed by the Jaquet Etablisse- 
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ments d'Instruments Scientifiques, of Saint Imier, 
Switzerland, is designed, like all sphygmographs, for 
registering the beatings of the pulse. It is, however, 
very distinct from its predecessors, as we shall see. 
The principle of the Jaquet instrument is based upon 
the simultaneous registration of the time and the 
sphygmographic curve, thus permitting of the exact 
determination of the different phases of the latter. The 
time is registered upon a paper tape that moves at 
equal intervals of 0.2 of a second. In the trial modei 
of the instrument the registering of the pulse was 
effected according to the principle of the Dudgeon 
sphygmograph. But some researches having afterward 
demonstrated that the system of levers which, in the 
Dudgeon apparatus, transmit the pulsations of the 
artery to the registering style, were not free from au- 
tochthonous oscillations, the registering device of the 
new model was so modified as to give a curve that 
should be the exact reproduction of the arterial pulsa- 
tions. 

Such greater precision of the apparatus has been ob- 
tained without prejudice to the advantages of the 
Dudgeon system of transmission which inscribes the 
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sphygmographic curves with ordinates at right angles 
with abscisses upon paper bands of from 2.5 to 3 inches 
in length. The two speeds as well as the fixing handle 
independent of the apparatus have even been preserved. 

The new model is manipulated in exactly the same 
manner as the prior one, the sole difference consisting 
in the fact that it may be necessary, in order to obtain 
satisfactory curves with individuals whose radial ar- 
tery is covered with a smooth and tough skin, to tight- 
en up the pressure screw a little more. Through the 
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effect of the pressure exerted in this manner upon the 
skin, the registering style moves forward, so that, in 
order to obtain an inscription of the curve upon the 
band of paper, it must be moved artificially backward. 
In order to do this, the bent lever of the registering 
style is slightly deflected in such a way as to break the 
contact, and then the style is moved in the other direc- 
tion. 


HOW TO READ WILD LIFE. 

Ir is not possible to cover the whole field in one les- 
son. One must select his little corner, and make it 
serve for the rest. 

The razor-bill places its single egg on the bare ledge 
of rock. So also do others of the divers. In a depres- 
sion, which the weight of its own body would account 
for, the tern lays its three eggs on the bare sand be- 
tween the sparse binding grasses of the coast dunes. 
The lapwing simply presses down the moorland grasses 
—as the hare makes its form—or at most scrapes for 
its four dusky eggs a shallow cup ribbed by the roots 
and heather-stems. 

These ways are near the beginning. They are such 
as we should suppose the early birds to have adopted. 
Granted the bird had to incubate at all, it could not 
well exercise less ingenuity. The path of nature is not 
so difficult to follow if we will not suffer ourselves to 
be confused by the many exceptions, or led aside into 
the countless byways which end nowhere or double 
back. There is a persistence in habits when the bird 
itself might seem to have advanced beyond them; and 
there is such a thing as reversion to old habits. The 
single eye will still follow the general direction: com- 
mon-sense will keep our feet from straying. The order 
in which other things arise is like enough to be true 
of this also, 

Architecture began with no houses, nest-building 
with no nests. Primitive men were and are satisfied 
with no covering, no adornment: so with primitive 
birds. The first stone was laid on the bare ground, 
the first straw on bare sand or rock. And before either 
stone or straw was laid something else may well have 
happened. 

The sitting bird may have been too exposed for safety 
during its long vigil. The rain beat upon it; the wind 
ruffied its feathers; the passing bird of prey picked it 
off the nest. Natural shelters opened around inviting 
them in. There were cracks in the rock, holes in the 
ground, cunning places beneath the bowlder into which 
they could crawl. The wind whistled overhead; the 
drip was heard, not felt; no eye could see them. Just 
as there were cave-men before builders, so were there 
cave-birds. 

The puffin creeps into a rabbit-hole. So far it may 
be considered as ahead of the razor-bill. The rabbit was 
there before him. So far he may be considered ahead 
of the hare; he is a cave-mammal. There may be a 
certain advance in the birds which make a hole for 
themselves. Instead of entering where the crumbling 
stone has left a gap in the rock, or searching out where 
the rot has eaten into the old tree-trunk, some pick out 
a gallery in the soft cliff-face or sandy bank. These 
are two stages in cave-dwelling. 

That some advantage accrued to the birds that took 
to nesting in the dark admits of simple and ample 
proof. The sheldrake is the gayest of the ducks, with 
its prevailing white broadly banded with chocolate. The 
duck is as gay as the drake, which shows that she is 
free at least from one fear: that of prying enemies at 
her vigil-time. There is one little hitch in the argu- 
ment, for the shelduck has more than a dozen eggs. 
And since the number of eggs indicates the risks the 
species has to provide against if it is to keep up its 
numbers, then there may be weaknesses even in a rab- 
bit-hole. 

But if we are satisfied with having made out one 
point, and turn elsewhere for further proof, we shall 
find that the cave-birds or hole-builders around us are 
the dominant and aggressive species. The starling, for 
instance, is becoming a pest. Both sexes of the king- 
fisher are equally brilliant. They nest out of sight. 

Not only are the birds themselves careless of their 
attire, the eggs also are of the most daring shade 
Nothing is so easily seen in the open as white. Cave- 
birds, for the most part, lay white eggs. The dozen 
eggs of the shelduck are white. The five eggs of the 
wheatear, placed in the very next rabbit-hole, have a 
very delicate touch of blue; in which case there may 
be reason to suspect that the birds did not always sit 
under cover. The impression is of fading; it looks 
like a reversion. The conclusion is strengthened by the 
fact that male and female are not—as in the case of 
the sheldrake—alike. - Remove a cultivated plant from 
the garden to nature, and by slow stages it will pass 
back to the ancestral hue. So with the egg taken from 
the open and placed under covert; after a long succes- 
sion of seasons it will revert to white. 

Still more reason is there to suspect reversion where 
the spots or blotches remain. The tits dearly love a 
hole. It matters not what kind of a hole, so long as it 
is one. The letter-box, emptied twice a day, will do 
for the tom or blue tit. And yet the eggs are charm- 
ingly spotted. So that if they were shown to us and 
we did not know them, we should never guess their 
site. The well-known curiosity of fhe group may have 
led them into holes. But the markings have already 
a vanishing look about them, and in a while may pass 
through fainter stages. 

But another puzzling thing appears—wild life is full 
of them—that though the eggs are thus spotted, as if 
not to the shadow born, the two sexes are alike, the 
sitting bird being as bright as her mate. 

While the shadow is thus ylelding bright birds and 
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bright eggs, a change of quite a different kind is pass- 
ing over the denizens of the plain and their charge, 
and all before the genesis of the nest. The bird that 
has not sought cover is finding out some other way of 
going out of sight, and so deceiving its enemies. A 
streak, strangely resembling something round about, 
oppears among the plumage of the sitter It is not 
much, but better than nothing. It makes it less easily 
A second penciling—it may be long afterward— 
is added, until at length the whole exposed surface of 
the incubating bird is filled in. How delicately this is 
done only those who are familiar with sitting birds can 
know, Each streak filled in with infinite care has only 
been preserved because it so perfectly fitted its place 
und served its use. 

Among the heather, hard by where the brigh: shel 
duck sits in safety, nests an eider-duck. It may be no 
more than a dozen yards away, with nothing between 
to obstruct the view; and yet the eye will wander over 
the place again and again without seeing it, so perfectly 
is it shaded in sympathy with its surroundings. As 
only the duck is exposed to danger, she alone is toned 
down to the sober hues of the plain. The eider-drake 
is bright The prevailing effect is white 

So with the eggs. They, too, have to protect them- 
selves when the sitting bird is off; and they do it in 
little touch appears on the 
surface, which mimics something and makes it less 
easily picked out from its surroundings. Another touch 
by the unerring brush, and still another, and the design 
we only see the beauty—is 
completed. The delicate streaks and dots, the bold 
blotches and dashes, with which we associate the idea 


seen, 


much the same way A 


so simple seeming that 


are there; because such streaks and blotches 
the sunplay amid the rough herbage or 
wiry Like the delightful pebbly spots on the 
trout’s back, where it lies on the gravelly bed of the 


of eggs 
ure made by 


stems 


stream, they are protective 

If eggs taken from the open and placed in the shadow 
would pale down to white, so the eggs brought out from 
the shadow would take upon them the wondrous pan- 
oply of the moorland, would indeed become interpreters 
of the subtle harmonies of color It is only a matter 
If the nestless hole in the ground is rude, so 
ure not the eggs placed there. If the one remains as it 
was, the other has silently leaving it behind 
What interests us in the nest is its primitiveness. In 
the egg we see the end of a long process, of which there 
were but faint indications at the beginning. 

“See that ringed among the smaller 
shingle of the coast above high-water mark?” “I see 


of time 


been 


plover’s nest 


nothing but shingle Yes; but look at that patch 
Use your eyes and not vour feet “The patch is like 
the rest.” “Get down on your knees. Only, take the 


stones up carefully, lest you break some of them.” 

So hard are these eggs to separate from their sur 
roundings So sympathetically are they shaded and 
marked. So closely do they resemble the rolled gravel 
For there is an evolution in shape as well as shade 
And all this wonder is laid on the bare sand, with no 
further depression than wili serve to hold them to 
gether or keep the wind from blowing them away 

It is interesting to follow the nest through the 
earlier phases of its growth Differences arise even 
Art dawns feebly and fitfully 
nature. One bird will content itself with 
seraping or pressing a hole Another of the same 
feather, companion in the same flight, tenant of the 
same corner of the moor, will lay the foundation of 
a nest It is a poor effort but for what it signifies. 
The withered grass-blades you might count on the ten 
fingers of your hands Nor is the advantage all on 
one side. In revolutions that is seldom the case. The 
eggs, so patiently toned to purely natural conditions, 
must suffer for a while through any change of habit 

Along the bents are many nests Here is only the 
hare sand The ground-color of the eggs has been 
modified into the tawny yellow of the background. 
There a thin coating of grass-blades has been laid 
down, and the sympathy is not nearly so perfect. 

Nest-building arose, partly at least, in the effort to 
protect the eggs and the young Had it not had some 
such meaning it would have not persisted or grown. 
The cradle of life was ever rough In those rude 
cround-nests, the young stay not long at home. Later 
on in the days of nests, the term of helpless infancy 
prolonged. The two things go _ together. 
Utility precedes charm Nature is the basis of art. 
The charm grew without the usefulness decreasing, 
until, in days long after, they were found to be one: 

“Over that art 
Which you say adds to nature, is an art 
That nature makes.’ , 

Whether the one is consciously woven in with the 
other is an academic question. We ourselves are at 
most half-conscious agents, and can a bird be more? 
Enough that charm takes an increasing share in the 
process, The nest becomes a pleasant thing to look at, 
though not all at once 

Some of the earlier attempts at decoration are not 
very successful. They remind one of the efforts of the 
unsophisticated country girl to trim her hat, after the 
fashion of the lady’s who passed in the carriage, from 
the moulting of the poultry-vard 

So it is with the great black-backed gull. Its nest 
shows ambition without taste. A gathering of moss 
and rough grass has been at the making of it. Of 
material there is enough and to spare. It is far re- 
moved from the bare hole scratched in the ground. 
But the art is rude, The great primary wing feathers 


within the same species 


alongside 


is more 


from last autumn’s moultings are stuck in at every 


conceivable angle. 
From what motive, and to what end, we may not 


enter into the bird’s consciousness to find out. 


In the 
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A kindlier judgment would 
name it a dawning feeling after beauty—somewhat 
faulty in expression. But the fact remains that to 
the body of the structure certain feathers are added to 
serve other purpose and from some other instinct than 
the grass and moss. In other words, there were two 
elements in the bird’s consciousness during nest-build- 
ing—call them what we may. 

We pass to the nest-builders proper: not simply those 
that gather a loose pile, and make it concave by the 
process of sitting, but those that arrange and weave, 
and so work out some design. This corresponds with 
the classic age in human architecture—Greek and 
Roman, Norman, Romance, and the evolving phases 
of Gothic. Now we can talk of style, or rather styles. 
For we have various types probably of different eras, 
marking different stages of advance, but all existing to- 
gether, by reason of the excellence of each. So that the 
nests of a countryside remind one of the churches of 
a city, which span all the classic age—from the Greek 
till now. 


country girl it is vanity, 


These bird-architects are called by many names, 
much too long and puzzling. Perhaps they will be 


most pleasantly, and sufficiently clearly, marked out as 
the singing birds. Not that they all have a song. Some 
ure too modest to lay claim to one, or seem well con- 
tent with such voice as they have. But even they are 
in the midst of song, girt all around by singing birds. 
So that the outline is clear enough, and the definition 
will serve. All are little birds, The missel-thrush is 
the largest of our singers. The smallest is between the 
long-tailed tit and the golden-crested wren. 

Some still build on the ground—are lovers of the 
But they do build. The nest has definite 
sides and a cup-shaped, inverted dome. It is of a 
piece, at once elastic and strong. It is built from what 
is handiest; no more than the moor grasses. The 
coarser are on the outside, and so on through the fra- 
gile thickness of the wall. The finer blades and roots 
cross and recross the inside with the delicacy and ef- 
fect of strands of silk. 

No human care could gather such materials, nor hu- 
man skill dispose and weave them into so perfect a 
structure, nor human wit so place'them out on the ex- 
posed moor that the winds and rains of a season could 
in no wise affect them. These nests are wonderful, 
mainly in their simplicity and in the art which, out 
of so little, could make anything so perfect. Among 
familiar builders the lark is of this order. So is the 
yvellow-hammer. The picture of a meadow-pipit'’s nest 
in a tuft of moorland herbage comes up before me: 
clean, strong, shapely, unadorned are the houses they 
build. 

Others choose or make a hole; but they too build. It 
may be in the sloping bank of the stream—the tunnel 
of the water-vole, or bored first of all by the woodland 
mouse, or where the sorrel nods and sleeps beside the 
rotting tree-stump. The nest may be level with the 
concealed under some trembling panicle of 
grass. This hole they slope and line, simply using it 
as a case or mold. The nest is rounded, not carelessly 
built because hidden, and with a wealth of warm and 
rare furnishing. The opening to this feather-paradise, 
where the young are snugger than most children, is 
through a circular opening on the side. 

The so-called leaf-searching warblers, which spend 
the summer day among the tall tree-tops up against the 
sky, for the most part build in these lowly places. The 
willow-warbler—that most plaintive of woodland sing- 
ers—hides under the wood-sorrel her eight or ten fairy 
eggs, touched all over with fading red, as from the 
point of a fairy needle. 

Sometimes that smallest of our leaf-searchers, the 
chiff-chaff, will build on a low bush, Then we see above 
ground this globe nest, with the entrance on the side, 
through which only one finger may pass. It is a won- 
derful structure, which, by reason of strength and its 
might call the Norman among 


open places. 


outside, 


domed doorway, we 
nests. 

In the lane-side and woodland, birds’ nest-architec- 
ture is at its Loose structures and slovenly 
buildings there are among them. The hedge-warbler’s 
pleasant and mossy home somewhat lacks in the ele- 
ment of compactness. Some hedge-warblers build bet- 
ter than others; and so it is through all the species. 
Even the loosest nests are wonders in their way. They 
are all exposed: have no help; it is all skill together. 
The foundation is the first and not the least difficulty. 

It is something to poise a nest where the branch or 
the twig forks, and so to poise it that it will not fall— 
in all my experience I never found a nest that had 
fallen naturally; it needs to be torn out—and so to 
bind it to its lofty site, some forty feet from the 
ground, that the winds, which blow there freely, and 
often fiercely, shall not force it out or rend it asunder. 
The tree may be blown over with the nest upon it; but 
the nest itself never. 

Perfect symmetry and balance, a nice adjustment of 
parts, are manifest. If these are among the things that 
make an architect, why deny a bird the name? Noth- 
ing but a nest would keep its place, and the nest sits 
on with no apparent strain. 

The more perfect nest is not seen from the ground; 
at least, it is not easily seen. To the keenest eye it 
seems but a swelling of the joint, so well does it fit 
into its place. The sides rise some three or four inches 
from the bottom of the cup. But there is no hint of 
this, so perfectly does it imitate nature. There is 
neither rawness nor newness, such as we see in fresh 
buildings. All is weathered and stained to the same 
age as the bark. 

Whether the outer layer was consciously chosen to 
that end is only a question of words. The same device 
is often used, as when the lichen from the bark is 


best. 
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hung on the nest. That by the way. So it is, so it is 
always. This is the main reason why the eye wanders 
over the place and sees nothing. Thus to the shape is 
added the shading; to the weaving, the use of such 
shreds as will make the work of a week like the growth 
of a century. 

I have already hinted that, with the first straws laid 

down, a fresh demand was made upon the eggs. They 
had to answer to a different background. No longer 
yas it enough that their ground-color resembled the 
sand or soil on which they rested, or the blotches 
confused them with the gravel amid which they were 
placed. The conditions varied further as the nest deep 
ened and grew circle-shaped. 

So the changes in the egg followed on the evolution 
of the nest. It had to hide against the inner layer, 
whatever that might be, and mimic such lights and 
shades as were there. But nests are many, both shal- 
fow and deep, in the same countryside. And sites of 
nests are many: tree and hedge and solitary whin-bush, 
young planting and bramble-brake. 

While the birds of a moorland may, and do, lay eggs 
approximately shaded and marked alike, the birds of a 
square mile of diversified inland yield a charming and 
almost bewildering variety. Among the thrushes, we 
have the blue ground with black spots of the mavis 
and the reddish-brown with blotches of the missel 
thrush. The warblers and tits together would furnish 
a chain fit for the neck of Titania. Within the out- 
lines of the singing birds lies that egg-land which is 
near to fairydom as we can well get in this somewhat 
prosaic scene.—Chambers’s Journal. 


ALUMINIUM ALLOYS. 

M. H. Pecneux has contributed to the Comptes Ren- 
dus from time to time the results of his investigations 
into the alloys of aluminium with soft metals, and the 
following constitutes a brief summary of his observa- 
tions: 

«Lead.—When aluminium is melted and lead is added 
in proportion greater than 10 per cent, the metals sep- 
arate on cooling into three layers—lead, aluminium, 
and between them an alloy containing from 90 to 97 
per cent of aluminium. The alloys with 93, 95, and 
98 per cent have densities of 2.745, 2.674, and 2.600 re- 
spectively, and melting points near that of aluminium. 
Their color is like that of aluminium, but they are less 
lustrous. All are malleable, easily cut, softer than 
aluminium, and have a granular fracture. On re-melt- 
ing they become somewhat richer in lead, through a 
tendency to liquation. They do not oxidize in moist 
air, nor at their melting points. They are attacked in 
the cold by hydrochloric and by strong sulphuric acid, 
with evolution of hydrogen, and by strong nitric acid 
when hot; strong solution of potassium hydroxide also 
attacks them. They are without action on distilled 
vater, whether cold or hot. 

Zinc.—Well-defined alloys were obtained, correspond- 
ing to the formule Zn,Al, Zn.Al, ZnAl, ZnAl.,, ZnAl., 
ZnAl,, ZnAl,, ZnAl,, ZnAl,,.. Their melting-points and 
densities all lie between those of zinc and aluminium, 
and those containing most zine are the hardest. They 
are all dissolved by cold hydrochloric acid and by hot 
dilute nitric acid. Cold concentrated nitric acid at- 
tacks the first three, and cold dilute acid the first five 
The Zn,Al, ZnAl,, ZnAl,,, and ZnAl,, are only slightly 
affected by cold potassium hydroxide solution; the 
others are strongly attacked, potassium zincate and 
aluminate probably being formed. 

Tin.—A filed rod of tin-aluminium alloy plunged in 
cold water gives off for some minutes bubbles of gas, 
composed of hydrogen and oxygen in explosive propor- 
tions. An unfiled rod, or a filed rod of either alumi- 
nium or tin, is without action, though the unfiled rod 
of alloy will act on boiling water. The filed rod of 
alloy, in faintly acid solution of copper or zinc sul- 
phate becomes covered with a deposit of copper or 
zine, while bubbles of oxygen are given off. M. Pecheux 
believes that the metals are truly alloyed only at the 
surface, and that filing lays bare an almost infinitely 
numerous series of junctions of the two metals, which, 
heated by the filing, act as thermocouples. 

Bismuth.—By the method used for lead, bismuth al- 
loys were obtained containing 75, 85, 88, and 94 per 
cent of aluminium, with densities 2.86, 2.79, 2.78, and 
2.74 respectively. They were sonorous, brittle, fine- 
grained, and homogeneous, silver-white, and with melt- 
ing points between those of their constituents, but 
nearer that of aluminium. They are not oxidized in 
air at the temperature of casting, but are rapidly at- 
tacked by acids, concentrated or dilute, and by potas- 
sium hydroxide solution. The filed alloys behave like 
those of tin, but still more markedly. 

Magnesium.—These were obtained with 66, 68, 73 
and 85 per cent of aluminium, and densities 2.24, 2. 
2.32, 2.37, 2.47. They are brittle, with large granular 
fracture, silver-white, file well, take a good polish, and 
have melting-points near that of aluminium. Being 
viscous when melted they are difficult to cast, and when 
slowly cooled, form a grey, spongy mass which cannot 
be re-melted. They do not oxidize in air at the ordin- 
ary temperatures, but burn readily at a bright red 
heat. They are attacked violently by acids and by potas- 
sium hydroxide solution, decompose hydrogen peroxide, 
and slowly decompose water even in the cold. 

Tin, Bismuth, and Magnesium.—The action of water 
on these alloys just referred to has been recently dem- 
onstrated on a larger scale, 5 to 6 cubic centimeters of 
hydrogen having been obtained in 20 minutes from 2 
cubic centimeters of the filed tin alloy. The bismuth 
alloy yielded more hydrogen than the tin alloy, and the 
magnesium alloy more than the bismuth alloy. The 
oxygen of the decomposed water unites with the alum- 
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inijum. Larger quantities of hydrogen are obtained 
from copper sulphate solution, apart from the decom- 
position of this solution. by precipitation of copper at 
ihe expense of the metal alloyed with the aluminium. 
The alloys of aluminium with zinc and lead do not 
decompose pure water, but do decompose the water of 
copper sulphate solution, and, more slowly, that of 
zine sulphate solution. 


TRADE NOTES AND RECIPES. 


Colored Rings on Metal.—Dissolve 200 grammes of 
caustic potash in 2 liters of water and add 50 grammes 
of litharge. Boil this solution for half an hour, taking 
care that a little of the litharge remains undissolved. 
\When cold, pour off the clear fluid; it is then ready 
for use, Move the object to and fro in the solution; a 

llow-brown color appears, becoming in turn white, 
vellow, red, and finally a beautiful violet and blue. As 
on as the desired color is obtained, remove the article 

ickly from the solution, rinse in clean water, and dry 

sawdust.—Der Werkmeister. ’ 

Modern Silver-Plating.—Iron articles are _ plated 
th quicksilver in a solution of nitrate of mercury 
fore being silvered. The quicksilver is then re- 
oved by heating to 300 deg. C. The articles may 
so be first tinned to economize the silver. Steel 
dipped in a mixture of nitrate of silver and mer- 

y, each dissolved separately in the proportion of 
srammes to 300 grammes of water, then wiped to 
nove the black film of carbon, and silvered till a 
mple dipped in a solution of blue vitriol ceases to 
n red. According to H. Krupp, articles made of 

alloy of nickel, copper, and zinc, such as knives, 
ks, spoons, etc., should be coated electrically with 

kel, put into a solution of copper like that used 
galvanic coppering, and then electro-plated.—Gold- 
imiede Zeitung. 

To Pickle Black Iron-Plate Scrap Before Enameling. 
‘he composition of the most suitable pickling solu- 
n and the durability of its action vary according to the 
nd of iron. The black iron-plate scraps are first 
ped clean in a mixture of about 1 part of sulphuric 
id and 20 to 22 parts of water heated to 30 to 40 
g. C., and sharp quartz sand is then used for scour- 
gz. They are then plunged for a few seconds in boil- 
< water, taken out, and allowed to dry. Rinsing with 
id water and allowing to dry thus may cause rust. 
he grains of quartz cut grooves in the fibers of the 
n; this helps the grounding to adhere well. With 
iny kinds of plate it is advisable to anneal them after 
kling, shutting off the air; by this means they will 

thoroughly clean and free from oxidation. Much 
uctice is required for these operations.—Metallar- 
iter. 
Brown Oxidation on Bronze.—Genuine bronze can be 
eautifully oxidized by painting it with a solution of 

parts of sal-ammoniac and 1 part of oxalium (oxal- 
e of potash) in 200 parts of vinegar, allowing it to 
ry, and repeating the operation several times. These 
ticles, protected against rain, soon lose the unpleas- 
nt glaring metallic luster and take on instead a soft 
own tint, which bronze articles otherwise only ac- 
quire after several years’ exposure to the atmosphere. 

beautiful bronze color, which will remain unaffected 

y heat, can be imparted to bronze articles by the 
following process. The object is first washed in a so- 
lution of 1 part of crystallized verdigris and 2 parts of 

il-ammoniac in 260 parts of water, and then dried be- 
fore an open fire till the green color begins to disap- 
pear. The operation is repeated ten to twenty times, 
but with a solution of 1 part of verdigris crystals and 

parts of sal-ammoniac in 600 parts of water. The 
color of the article, olive-green at first, gradually turns 
© brown, which will remain unaltered even when ex- 
sed to strong heat.—Die Fundgrube. 

Coppering Aluminium.—The aluminium article is 
first passed several times through a solution of soda, 
whereby the metal receives a beautiful white color 
with a dim luster. It is then suspended in a bath con- 
iaining 95 parts of water and 5 of sulphuric acid sat- 
urated with blue vitriol. The blue vitriol solution is 
then poured into a tank or vessel of stoneware, fai- 
ence, porcelain, or wood, lined with lead, in the middle 
of which a diaphragm of porous clay is inserted and 
filled with water with the addition of 4 to 5 per cent of 
sulphurie acid and 1 per cent of amalgamating salt. A 
zine cylinder to the top of which two transverse pieces 
ot brass are soldered, carrying a circular brass gal- 
lery, is placed in the diaphragm. A greater or smaller 
number of aluminium articles can easily be suspended 
\o this gallery by copper wires. In about 20 to 30 min- 
ites the object is covered with a thin but close film 
of copper, and it can afterward be silvered or gilded 
in the ordinary cyanide bath. In large establishments 
he operation of coppering is performed in the above 
hath by means of a battery or dynamo. In order that 
the bath may remain uniform, blue vitriol is added 
from time to time to replace the metal taken from the 
olution.—Metallarbeiter. 

A dipping bath for tinning iron is prepared by dis- 
olving 300 grammes ammonia-alum (sulphate of alum- 
ina and sulphate of ammonia) and 10 gramines of 
melted stannous chloride (tin-salt) in 20 liters of wa- 
‘er, in the warm. As soon as the solution boils, the 
iron articles, previously pickled and rinsed in fresh 
water, are plunged into the fluid; they are immediate- 
ly covered with a layer of tin of a beautiful dull white 
color, which can be made bright by treatment in a 
tub or sack. Small quantities of tin-salt are added 
from time to time as may be required to replace the 
tin deposited on the iron. This bath is also well 
ilapted for tinning zinc, but here also, as with iron, 
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the deposit is not sufficient (o prevent oxidation of the 
metal below. Larger articles tinned in this way «re 
polished by scratch-brushing. In tinning zine by this 
process, the ammonia-alum may be replaced by any 
other kind of alum, or aluminium sulphate may be 
used alone; experience has shown, however, that this 
cannot be done with iron, cast iron, or steel. If it is 
desired to tin other metals besides iron and zine in the 
solution which we have described, the battery must 
be reserted to; if the latter is used, the above solution 
should be applied in preference to any other.—Der 
Metallarbeiter. 


ENGINEERING NOTES. 

The competitive system has had its day in bridge 
building and has served a good purpose. It has been 
an important factor in developing the art of bridge 
building in America. It has been productive of estab 
lishing rational types, practical details and scientific 
proportions; it has united theory and practice. How 
ever, at present, it is fast becoming a thing of the past. 
What is left of this. practice is mostly confined to 
bridges for electric railways and light structural work 
Many purchasers of structural work, who have had no 
experience themselves, do not professional ad- 
vice, as they would in other cases where large expendi- 
tures of money are involved, believing that they can 
Save the money paid for professional services by in 
viting manufacturers to make competitive designs ac- 
companied by a lump-sum bid 


seek 


The integrity of a concrete block depends absolutely 
on the cement used in it. If that cement, which is a 
crystalline substance in which water is an important 
part, dehydrates or gives up its water of crystallization 
at a low temperature, its ability to bind the sand or 
aggregate together is lost early and the block will col- 
lapse. Now at just what temperature different cements 
will thus fail and how rapidly that failure will pro- 
gress inward in a block set in a wall is not yet known, 
so far as we have found out. Perhaps we shall find 
that this is not a serious matter, but it is a_ point 
which must be demonstrated Hollow coperete 
blocks must in some measure share the weakness of 
hollow tile blocks as to liability to break from un- 
equal expansion of its different sides. Another ques- 
tion is the possibility of making a good substantial 
joint by means of ordinary cement mortar between 
two blocks of concrete and whether these joints will 
hold well under fire 

Beginning with the boiler which is the first step in 
the production of power from fuel, it may be laid down 
as a good rule that it is more economical to use boilers 
of reasonably large size than to subdivide into a larger 
number of small units. The length and area of grate 
that can be conveniently fired or kept evenly covered 
with coal is, perhaps, the limiting feature, if hand-fir 
ing is to be used. Working from this rule, a grate 
should not be over seven feet long or more than five 
feet wide, which would give thirty-five square feet of 
grate surface The quantity of coal that may be 
burned on such a grate varies widely with the kind of 
fuel and strength of draft. Using bituminous slack 
coal of fair quality, with good natural draft or moder 
ate induced draft, it should be possible to burn twenty- 
five pounds of coal per square foot of grate per hour, 
or 875 pounds of coal per hour, and if this coal will 
evaporate say eight pounds of water per pound of coal, 
the boiler, if constructed with beating surface in prop- 
er proportion, would evaporate 7,000 pounds of water 
per hour, which would be equal to a little over 200 
standard boiler-horse-power In order to give good 
economy, the boiler should have from 2,000 to 2,400 
square feet of heating surface .o evaporate this quan- 
tity of steam economically. The return tubular boiler, 
on account of the amount of tube surface in proportion 
to the direct surface exposed to the fire, should have 
not less than twelve square feet per horse-power; the 
water-tube type from ten to eleven, and the internally 
fired type, which has a larger amount of direct heating 
surface in the furnace and tubes than either of the 
cthers, should have nine to fen. If the grate surface 
is larger than that described, probably the grate will 
not be evenly covered with coal, or the fire will be dead 
in spots, so that too much cold air will pass through 

Lubrication at High Temperatures.—There are oils 
which preserve their lubricating properties at tempera- 
tures up to 350 deg. C. But beyond this point lubrica- 
tion is almost impossible, without decomposition of 
the oil or other material. To render lubrication pos- 
sible at 500 deg., it must be sheltered from the air, but 
this requires a special arrangement, such as is em- 
ployed in high-tension motors of the Castelnau system, 
for it is the oxidizing action of the air at such high 
temperatures that causes the decomposition of the 
lubricants. When the steam rises to a higher tempera- 
ture than the saturation point corresponding to its 
pressure, the pressure increases according to a law 
analogous to that of gases. The steam, thus super- 
heated, approaches a perfect gas more nearly the 
greater the excess of its temperature over the satura- 
tion point, or the degree of its superheating. The laws 
of superheated steam are not yet strictly established, 
but it may be assumed that its specific heat at constant 
pressure is invariable and corresponds to C = 0.4805, 
and that its law may be thus expressed: 

pv = 50.933 T — 192.50 p’ 
» being the volume in cubic meters of the kilogramme 
of superheated steam, at the pressure of p kilogrammes 
per square centimeter, and at the absolute temperature 
T = 273 + t. When ¢ increases in large proportions, 
it leads to large values of p. difficult to be utilized in 
ordinary engines. It is better, then, to produce the 
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saturated steam dry directly, at these strong pressures, 
as is done in the Castelnau system. To reach these 
high temperatures, a special arrangement is necessary 
for heating the superheating apparatus, and the cost of 
combustible in this operation usually offsets the saving 
resulting from the superheating.—Les Inventions 
Illustrées. 


ELECTRICAL NOTES. 


In certain factories electric sparks have been pro- 
duced by the passage of the belting. A similar phe- 
nomenon has occurred in a paper mill, but in a differ 
ent way. Machinery was in operation for the produe 
tion of paraffine paper. In this manufacture silk pape 
soaked in liquid paraffine passes over a roller, after 
being pressed between two plates, which rub off the 
excess of paraffine. This operation was going on in a 
new factory when it was found that all the workmen 
going near the machinery received electric shocks, 
their hair stood erect, and they could draw sparks 
from the drum on which the paper was rolled. A 
veritable electrical machine had been produced. Statice 
electricity was constantly engendered by the friction 
of the organs against the paper, the two surfaces of 
which were insulated by the layer of paraffine. The 
difficulty was obviated by interposing a metallic piece 
connected with the frame of the machine and deviat- 
ing the current.—La Nature. 

The chemical process for the production of tin putty 
is attended with various inconveniences, which «are 
avoided in the electrolytic process. The former con- 
sists in converting the tin into stannous chloride by 
means of hot chlorhydric acid, and then precipitating 
the tin by means of zinc. Without reference to the 
inferiority of the product, this method gives rise to 
abundant deleterious vapors. In the electrolytic pro 
cess, the anodes of tin are dissolved by means of dilute 
chlorhydric acid, while the tin is deposited on cathodes 
of the same metal. The deposit is in spongy form, and 
being very light, since it contains hydrogen, floats on 
the surface, where it can be coilected without the neces 
sity of interrupting the current. The electrolyte is a 
dilute solution of chlorhydriec acid of 5 deg. Bé. which 
cught not to contain arsenic. The density of the em 
rent is 270 amperes per square meter of cathodic sur 
face. A plant capable of yielding 900 kilogrammes of 
the product per week comprehends a station furnishing 
1,500 amperes under 8 to 10 volts, and a set of five vats 
containing four anodes and five 
Journal de I'Electrolyse 


of pitchpine, each 
cathodes coupled in series 

Cast-steel rods that have been critically examined 
have been annealed, and the magnetic qualities com 
pared, both before and after annealing. It is found that, 
as a rule, the annealing improves the magnetic prop 
erties in general, and more especially the hysteresis 
loss. With the sheet material no such annealing tests 
were tried, but some conclusions have been drawn from 
the results obtained on comparing the magnetic prop 
erties of strips from the centers, and from the borders 
of plates It appears that the difference as to mag 
netic properties between the edges and the center of a 
soft steel sheet amount, for the coercive force and hvs 
teresis loss, to about 10 per cent in favor of the edges 
The edges have given a greater maximum induction 
than the center of the sheet At electrical workshops, 
at any rate in Sweden, the edges of the sheets are as 
sumed to be of a lower quality than the rest. These 
researches establish quite opposite facts. It is, how 
ever, the usual practice to anneal soft steel sheets in 
packs; by working in this way the edges will be more 
thoroughly annealed than the center, and no doubt the 
difference observed as to magnetic properties depends 
upon this fact 


The most important industrial application which has 
been made of the reducing action of the electric furnace 
is the production of aluminium, the cost of which 
within a few years has been reduced from $5 to about 
30 cents per pound. The manufacture of magnesium 
and sodium are also industrial operations of impor 
tunce. Other processes are in a state of exploitation 
The march of improvement in this direction will neces 
sitate further development in the method of operation 
end particularly a more thorough investigation into 
the properties and uses of the materials which can 
be thus produced It has been estimated that the 
earth's crust holds locked up in the form of oxides 
and similar compounds 27.2 per cent of silicon, 7.8 per 
cent aluminium, 5.5 per cent iron, 3.8 per cent calcium, 
2.7 per cent magnesium, and various other substances, 
some of which are classed among the rare elements 
Qne of the latest triumphs in the recovery of these 
materials is the production of metallic silicon by Mi 
K. J. Tone, of Niagara Falls. This material is quoted 
in chemical lists at about 25 cents per gramme, but 
by this new process it can be profitably sold at 35 cents 
per pound. Though thus far onlv a few minor uses 
have been found for it, it is not unreasonable to sup- 
pose that a further knowledge of its properties will 
point to new needs and that this most abundant cle 
ment may become also a most useful one. While the 
metallurgy of iron has been developed without the aid 
of the electric current, recent work has shown that the 
electric furnace will be able to play an important part 
in the future of this metal. Calcium, which can be 
obtained in the form of a pure carbonate at a cost of 
a fraction of a dollar per ton, has not yet yielded to 
the attack of the industrial electrometallurgist, though 
most promising laboratory results have been obtained 
and the metal has recently been placed upon the mar- 
ket, When it becomes possible to obtain this metal 
for a few cents per pound, as will be the case beyond 
doubt, little effort will be required to build up a mar- 
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ket for it, since its known properties are such that it 
will enter the field of chemistry and metallurgy as a 
most powerful and advantageous reducing agent. 


SCIENCE NOTES 


the physical expla- 
problem 
renewed 


In spite of all the recent work, 
nation of the water in 
which must be 


trees is a 


The 


ascent of 


considered unsolved 


investigations which have been made along this line 
from an objective point of view will undoubtedly con- 
tribute to its eventual solution It is a matter of 
interest that in their studies of the physics of trans 
piration, Brown and Escombe have found evidence 
to regard this process also as a matter of diffusion 
through multiperforate septa, rather than a matter of 
mass action It is calculated that by diffusion water 
may pass out of the stomates to an extent as much 
as six times the actual amount of transpiration which 


has been observed in special cases 


Experiments are being carried out at Toulon for 
the purpose of employing seagulls as ocean carriers 
instead of the ordinary pigeons Seagulls are stated 
to be more fitted for such work, owing to their abnor 
mal staying power, while, on the other hand, pigeons 
when flying over a vast expanse of water soon grow 
fatigued M. Demarque, who is training the gulls 
for those operations, recently dispatched two birds 
from Tamaris near Toulon to Levant Island, about 
twenty-seven miles away, with messages One bird 
was killed en route by a foolish customs official, and 
the other was brought to Tamaris by a fisherman, 


who found it on the rocks with one of its thighs 
broken. Despite these unfortunate incidents, M. De- 
marque proposes to renew the experiments with new 
birds, procured from the: Maritime Biological Labora- 
tory at Tamaris, which belongs to the Lyons Univer 
sity Schools The great advantage in favor of sea 
gulls for this work is that they can be- dispatched 
in the stormiest weather, when pigeons refuse to set 
off. The seagulls, in fact, are not influenced by any 
weather conditions Moreover they are easily 
trained, and their intelligence is considerable 

It is observed that if we inject into an animal the 


another 
animal the 
tube the 


white of an egg, the serum of 
this gives the 
clouding and 


species, et 


serum of the property of 


precipitating in a test albumin 


oid which served for the immunization In such case 
we suppose that there exists a “precipitine’” which is 
destructible by heat as in the case of most of the active 
bodies of the diastasic kind \ solution of an active 
photodynamic substance such as eosin, mixed with the 
precipitating serum and the body to be precipitated, has 
no action on the above effect, either in sunlight or in 
the dark. This is not the same if the active substance 
is mixed with the serum and exposed to the sun for 
a certaim number of hours Here the reaction com 
mences later and proceeds more slowly than in the case 
of a mixture which has been kept in the dark. The 
quantity of the precipitate is not modified, however 
By exposing for a very long time to the sun we can 


even retard the commencement of the reaction indefin 


itely 


Serum alone when exposed to the sun, even when 
it contains no eosin or like body, shows the same phe 
nomenon, but it requires a longer exposure. The eosin 
seems to have the property of accelerating the action 
of the light It is remarkable to observe that the pre 
cipitine, when it has been made inactive by exposure 
to light under the influence of the eosin, has the prop 
erty of protecting the matter which might be thrown 
down against the addition of a fresh quantity of pre 
cipitine, and the matter is thus not precipitated The 
precipitines can also be made inactive by heat in the 


Same way 


The remarkable developments in every branch of 


science and industry that have taken place in the past 
century have been due in large part to the intro 
duction of more accurate methods of study, observa- 


tion, and interpretation, and the attempt by such meth 
ods, instead of scholastic philosophy, to get 
at the truth of things the development of these 
methods as applied to scientific investigation we are’ in 
debted very largely to chemistry and physics It is 
not practicable nor profitable for the farmer or the 
mechanic to go deeply into experimental work. Their 
business is to produce, by the best-known methods or 
with a net profit the field 
where plant physiological investigation 


those of 


processes, to themselves In 


knowledge or 


can aid the farmer it is the business of the physiologist 
first to consider the problems from the industrial 
standpoint and then to solve them according to the 


most accurate and expeditious methods. It 
of plant physiology to determine 


is the aim 
the nature and causes 
of all vital phenomena in plants, to determine their re 
lation and importance life of the organism, and 
to discover the methods of controlling activities. 
Our ability to control them is the proof that we under 
stand their cause and nature It is the application of 
this method of proof that has made applied science so 
much more productive of great discoveries and general 
izations than so-called pure science jut in spite of the 
great advance that made in the art of agri- 
culture during the last century as the result of the 
discoveries in plant physiology, chemistry, and physics, 
we have only begun to realize what the future has in 
store for us. The relation of plant physiology to the 
principles and future development of agriculture must 


to the 


these 


has bee n 


finally be considered from the educational standpoint. 
What must be the training of the investigator in ap- 
plied plant physiology, and what must be the training 


of the teacher, the farmer, and the horticulturist? 
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